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Selection of Men Teachers for 
Positions in High School 
Physical Education 


AUBREY A. BATES 
Sacramento State College 
Sacramento, California 
Abstract 


This article summarizes practices and recommendations contained in questionnaires 
from 383 physical educators, 224 high school district superintendents, and 96 directors 
of teacher placement agencies. Qualifying standards and administrative principles cur- 
rently used in selecting secondary physical education teachers are identified, and pertinent 
findings are cited from related research studies. 

Sources and kinds of information used to evaluate an applicant’s desirability for ap- 

pointment were ranked in significance as follows by the questionnaire respondents: (1) 
personal interview; (2) observation in a teaching situation; (3) reference letters; (4) 
college transcripts; (5) record of participation in sports; (6) statement of philosophy 
of physical education; (7) professional and civic activities; (8) written exams; and (9) 
performance of athletic skills. 
TEACHER PERSONNEL in physical education must be competent, energetic, 
and forceful if high school youth, through their physical education experi- 
ences, are to acquire the skills, understandings, and appreciations requisite 
to wholesome growth and adjustment. Many of the currently recognized 
leaders in physical education believe the most pressing problem of the profes- 
sion lies in the need for an upgrading in the quality of teacher personnel for 
this curricular area. 


The Problem 


The purpose in this study! was to formulate a statement of policies, prac- 
tices, and devices whereby the eligibility ranking of candidates for a position 
in secondary physical education for boys could be determined, and wherein 
the derived teacher selection program would reflect (1) the recommendations 
of physical educators vitally concerned with the status of the profession, (2) 
the practices relied upon by school superintendents charged with the selection 
of competent teachers, and (3) the observations and opinions of directors of 
teacher placement agencies. 


Method of Procedure 


The normative survey method was utilized in conducting the study. Survey 
forms were sent to: (1) 837 graduate members of Phi Epsilon Kappa, national 
fraternity in physical education; (2) 412 superintendents of selected high 
school districts, and (3) 254 directors in charge of the member agencies of the 
National Institutional Teacher Placement Association and the National Asso- 


1This study was made in partial fulfillment of the requirements for a Doctor’s degree 
at the University of California, Los Angeles, 1952. 
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ciation of Teachers Agencies. Of the total of 1,494 mailed questionnaires, 
usable returns from 703 were incorporated in machine tabulation of replies. 


Review of Related Literature 


From the review of selected literature on the selection, appointment, in- 
service evaluation, and retention of teachers, the following findings and recom- 
mendations seem most pertinent to the problem: 

1. Candidates for certification as qualified teachers of secondary physical 

education, in addition to meeting the requirements applicable to all teachers 
in general, should meet these stipulations: (a) be able to participate in col- 
legiate competitive sports in terms of health, physique, and temperament; (b) 
possess personal qualities requisite to effective and wholesome leadership of 
adolescent boys; and (c) demonstrate attainments in poise, speech, appear- 
ance, and intelligence deemed essential to meet community, social, and civic 
responsibilities and to cope with public relations problems normally to be 
encountered (7). 
2. The 120 units, or four years of college education, required for the certifi- 
cation of secondary physical education teachers, should include approximately 
20 units in professional education, 25 units in foundation sciences, 30 units 
in general education, and 40 units in physical education (2). 

3. Teacher-education institutions, in their programs for physical education 
majors, should place greater emphasis upon leadership of student activities, 
public relations, health education, teaching in rural schools, and over-all 
improvement in scholarship (1). 

4, The sources most frequently used to gain information about prospective 
applicants were: (a) formal application blank; (b) transcripts of educational 
experiences, and credentials; (c) reference letters from former employers and 
professional associates; (d) personal interviews; (e) observations in teaching 
situations; (f) health examinations; (g) written and oral examinations; (h) 
statements of educational philosophy and goals; and (i) autobiographical 
listing of cultural, social, and political affiliations and experiences (5). 

5. All information used to appraise an applicant’s qualifications should 
come from authentic sources, be accurate and complete in content, and be 
obtained under conditions compatible with ethical standards of the profes- 
sion (3). 

6. The attributes and qualities most characteristic of excellent teachers 
were: (a) skills in instruction; (b) discipline and control of students; (c) 
professional knowledge in subject area taught; (d) desirable personality 
traits and (e) desirable character traits (4). 

7. The traits and qualities most frequently considered by administrators 
when selecting secondary physical education teachers were: (a) personality, 
(b) character, (c) instruction, (d) knowledge, and (e) discipline (7, p. 
112-113). 

8. Aspects of teacher selection programs frequently shown to be contribu- 
tors to ineficiency were: (a) use of invalid indices of teaching success; (b) 
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incompetency of personnel who made evaluations of an applicant’s potentiali- 
ties; and (c) faulty procedures and policies for contracting, interviewing, and 
appointing teacher candidates (6). 


Findings of the Study 


Data obtained in the questionnaires from the 383 physical educators, 224 
superintendents, and 96 placement directors, contained this information: 

1. The superintendents and placement directors ranked the SOURCES AND 
Kinps OF INFORMATION used to assess the qualifications of men applicants 
as follows: (a) personal interview; (b) observation of teaching; (c) refer- 
ence letters from professional associates; (d) transcript of college experi- 
ences; (e) participation in sports; (f) statement of philosophy; (g) profes- 
sional and civic activities; (h) written examinations; and (i) performance 
test and athletic skills (See Table 1). 

2. In obtaining the names of qualified applicants, the superintendents 
relied almost entirely upon recommendations solicited from teacher-education 


TABLE 1 
Weighted Importance of Various Kinds of Information About Men Applicants 
for Positions in High-School Physical Education 


Physical Superin- Placement 
: Educators tendents Directors 
Kind of Information N Mean N Mean N Mean 








Personal interview with the 
superintendent, principal, 
or other designated inter- 
An Ee Cae Reel eA SO: Ff B ; 93 

Observation and rating in 
teaching situations 379 4 ! 91 

Information obtained from 
references listed by appli- 
CONE ee ok aS d , 93 

Transcripts of college courses 
ie Oe ck ae 2.40 : 92 

Record of participation in 
college and professional 
sports ‘ 377 1.38 . 91 

Applicant’s written _ state- 
ment of his philosophy of 
physical education | 374 1,94 1.79 82 

Membership and activities 
in professional and civic 
organizations __. 372 1.91 1.57 88 

Score on a written examina- 
OE snes 1.70 146 1.60 70 

Score on a performance test 
in physical education skills | 373 2.05 147 1.04 71 1.02 

Average Weighting 2.61 2.14 2.10 





























Nots: This table should be read as follows: the mean importance weighting of information 
obtained about applicants through the personal interview was 2.73 by th 379 physical educators; 
3.28 for the 219 superintendents; and 3.53 for the 93 placement directors. Higher figures for 
the mean denote greater importance of factor. 
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institutions. Also in areas where teacher shortages existed, school boards or 
superintendents frequently utilized the services of commercial placement 
agencies to secure the names of prospective applicants. 


3. In 37.3 per cent of the 224 high school districts, MEN WERE SELECTED 
To Fitt Vacant Positions in high school physical education through agree- 
ment between the district superintendent and the principal of the high school 
in which the vacancy existed. 


4. Sataries Paip To HicH ScHooL PuysicaL EDUCATION TEACHERS were 
slightly higher than those paid to teachers of other subjects. Most of the 
school districts granted additional compensation to coaches for the perform- 
ance of extra duties relative to after school competitive athletics. 


5. Relative to QUALIFYING STANDARDS OR CONDITIONS WHEREBY THE LESS 
DESIRABLE APPLICANTS CAN BE IDENTIFIED, most employing school districts 
apparently follow the policy of classifying as “preferred” only those appli- 
cants who rate satisfactorily in regard to all screening factors. 

The following recommendations reflect current practices: (a) PROFES- 
SIONAL EpucaTion. The applicant should possess an A.B. degree with a teach- 
ing major in physical education; (b) PHystcaL Hanpicaps, The applicant 
should have no physical handicap extensive enough to reduce efficiency in 
the performance of specified duties; (c) ATHLETIC RecorD. Slight prefer- 
ence should be given to applicants who have outstanding athletic records; 
(d) Ace. The applicant’s age should not be a detriment to the efficient per- 
formance of his duties; (e) HEALTH. Certification by a licensed physician 
that the applicant’s health is satisfactory for teaching should be required; 
(f{) EXPERIENCE. Qualifications for appointment should not require prior 
teaching experience, although credit should be allowed to applicants who 
have had satisfactory teaching experience; (g) ResIDENCE. The place of resi- 
dence should not influence his rating or qualification for appointment. 

6. The superintendent and placement directors indicated the following 
objectives of the PERSONAL INTERVIEW, in rank order of importance: (a) to 
appraise the applicant’s appearance, professional poise, and personality; (b) 
to ascertain the applicant’s basic philosophy of physical education; (c) to 
estimate the applicant’s knowledge of physical education; (d) to discuss 
probable placement, salary, and contract; (e) to ascertain the applicant’s 
general educational knowledge; and (f) to learn of the applicant’s future 
ambitions and plans. 


- 


7. REFERENCE LETTERS should disclose information about the applicant in 


terms of his ability to fulfill the duties of the position sought, his character, 
personality, and professional attitude, and should be solicited from a person 
professionally associated with the applicant. 

8. Aspects of CoLLece TRANScRiPTs that bear significantly upon the ap- 
plicant’s likelihood of success in teaching include: (a) number and kind of 
courses completed in physical education; (b) status of institution sending 
transcript; (c) units and grades in teaching major; (d) credentials and 
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degrees obtained; and (e) record of participation in special activities, in- 
cluding sports. 

9. A majority of the respondents in each of the three groups did not 
favor the use of WRITTEN EXAMINATIONS as an appraisal device. 

10. INEFFICIENCY IN TEACHER SELECTION apparently is influenced mate- 
rially by many factors other than the incompetency of candidates. Five of 
such negative factors or obstacles are identified as follows: (a) OVEREMPHA- 
sis ON WINNING TEAMS (66% ).2 “Local community pressure groups de- 
mand that the physical education teacher be selected primarily for his 
ability to produce winning athletic teams”; (b) SaLaRteEs Not COMPATIBLE 
With CaLiper oF MEN NEEDED (49.1%). “Salaries are too low to attract 
capable men”; (c) Many Goop PuysicaL EpucaTION TEACHERS TRANSFER 
to Less PusiicizEp SuBJEcT AREAS (43.9%), “Community criticism and 
adverse publicity which accrue to poor athletic teams discourage some quali- 
fied men from electing physical education as the major subject area in which 
to teach”; (d) EMPLOYMENT PRACTICES FREQUENTLY REQUIRE THAT PHYsSI- 
cAL EpucaTion TEACHERS Must TEACH OTHER SUBJECTS IN ADDITION TO 
PuysicaL Epucation (42.5%), “Too many physical education applicants 
are not qualified to teach subjects other than physical education”; (e) LARGE 
Ciasses, Poor Faciiities, Lonc Hours DiscouraceE Some Goop MEN 
(37.3%), “Teaching conditions discourage some qualified men from electing 
physical educatién as the major subject area in which to teach.” 
Administrative Principles for the Teacher Selection Program—Data of the 
study identified the following policies and practices as minimal to an effi- 
cient teacher selection program: 

1. DEFINE THE Jos. Vacant positions should be adequately defined in 
terms of teaching duties to be performed, qualifying credentials, responsi- 
bilities in conducting extracurricular activities including competitive sports, 
estimated number of duty hours per week, expected participation in school 
and community activities, salary to be received including expenses and pay 
for extra duty, and opportunity for tenure and advancement. 

2. SECURE QUALIFIED APPLICANTS. Superintendents should utilize as many 
of the sources for securing the names of prospective applicants as needed to 
insure the availability of a well-qualified teacher to fill existing vacancies. 

3. APPRAISE THE MERITS OF APPLICANTS. The selection of teachers should 
be based upon factors found by research to be contributive to teaching suc- 
cess. Factors currently used should be evaluated in terms of their validity. 

4. DeRIvE APPRAISALS OBJECTIVELY. An evaluation committee of not 
fewer than three competent persons should independently appraise the quali- 
fications of an applicant, and the average rating by the total committee 
should be used as the final index of the applicant’s eligibility. 

5. APPOINT THE BEST AVAILABLE CANDIDATE. Eligibility lists for specified 
subject areas should be established and utilized by superintendents. The 


2Mean of the three groups. 
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superintendent and school principal should nominate an applicant from those 
ranking highest on the eligibility list, and the board of education should 
appoint the nominee. 

6. CONTINUE THE EVALUATION OF THE APPOINTEE IN SERVICE. Selection 
and appointment policies used by employing school systems should stipulate 
a probationary period of teaching during which further evaluations of the 
candidate’s qualifications should be accomplished to determine whether or 
not the teacher is deserving of advancement to tenure status. 


Conclusions and Comments 


In terms of the major purposes and in view of the basic findings of the 
investigation, these conclusions and comments seem justified by the data: 

1. SELECTION Practices May Be Fautty. Teacher selection and appoint- 
ment policies frequently are neither sufficiently professional in nature nor 
adequately separated from the community politics, Personal friendships be- 
tween applicants and local school officials, status ambitions of school admin- 
istrators, commercial interests of community groups, and desires for public 
esteem by school board members are factors which sometimes cause the 
selection of a physical education teacher who later becomes a liability rather 
than an asset to the best interests of the school and community. 

2. PARTICIPATION IN SPORTS SEEMS ADVANTAGEOUS TO TEACHING. Par- 
ticipation in major competitive sports is believed by both administrators and 
teachers to constitute an integral part of the applicant’s background of skills 
and experiences essential to competency in this curricular area. The identifi- 
cation of isolated instances of men who became successful physical education 
teachers without having had such sports experiences does not adequately 
refute the claim that their success possibly would have been greater had they 
participated in college athletics. 

3. GREATER STANDARDIZATION AND CLARITY IN COLLEGE TRANSCRIPTS 
SEEMS NEEDED By TEACHER SELECTION AGENCIES. The lack of uniformity in 
college transcripts seemingly adds much to the complexity of the task of 
transposing the factual data contained in such transcripts to any desired 
index of the applicant’s competency as a teacher. It apparently would be a 
great service to teacher selection agencies if the transcripts of candidates 
for teaching credentials were standardized as to format, symbols used, and 
cumulative summaries of data. 

4, CoacHEs OF ATHLETIC TEAMS ALSO SHOULD Be Competent TEACH- 
ERS. Apparently the administrator’s philosophy of physical education mate- 
rially influences the quality of the program conducted by the physical educa- 
tion teachers in the school. For example, “pressure” upon the coach that he 
produce winning teams probably represents the most identifiable cause for 
overemphasis upon competitive athletics. Administrative “guidance” should 
cause all phases of the program to be conducted properly, and should ensure 
that only good coaches who also are good teachers will be rated as satis- 
factory for selection or retention. 
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5. Every ScHoot System SHOULD ATTEMPT TO BE EFFICIENT IN SELECT- 
inc TEACHERS. An efficient program of selecting teachers for positions in 
secondary school physical education, even for small rural schools, should 
include the following minimum essentials: (a) encouragement of several 
qualified candidates to apply for each vacant position; (b) the processing of 
all applications in an objective and uniform manner covering at least an 
evalution of college trnscripts, reference letters, and the personal interview; 
and (c) appointment of the highest ranking applicant. 

6. TEACHER SELECTION COMMITTEES SHOULD Be CoMPETENT. Personnel 
of the teacher selection committee should be chosen carefully in terms of 
their willingness, availability, and competency in deriving impartial and re- 
liable ratings for all applicants. 

7. THe Poticy oF GRANTING ExTRA COMPENSATION TO ATHLETIC COACHES 
NEEDs CritTicaAL EvaLuaTIon. The growing trend to grant extra compensa- 
tion to physical education teachers for the extra time devoted to competitive 
athletics should be studied carefully in terms of the implications of such poli- 
cies to the total teaching profession. It seems unwise to show privilege to 
any teacher group, and there are many who contend that physical education 
teachers who receive extra pay are being shown undue favoritism. Perhaps 
a more wholesome solution to the problem would stem from a re-study and 
redistribution of teacher load for all teachers based upon the expenditure of 
energy and time, and upon duties and responsibilities carried out. 


8. PERSONNEL ADMINISTRATION. Differences in practices among varying 
sections of the nation point to the need for research to determine if a better 
instructional program in physical education results when separate personnel 
are employed to coach competitive sports from those selected to conduct the 
regular physical education program. 
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Relationship of Strength and Anthropometric 
Measures to Various Arm Strength Criteria 


H. HARRISON CLARKE 
University of Oregon 
Eugene, Oregon 


Abstract 


This article reports the results of three studies on various strength and anthropometric 
factors entering dominantly into co-ordinated movements of the arm and shoulder girdle 
area. Best results were obtained with arm strength formulae based on the number of 
pull-ups and push-ups performed by the subjects. The factors with highest multiple cor- 
relational relationships with these formulae were girth of flexed-tensed upper arm, stand: 
ing height, and strength of the shoulder inward rotator muscles. 


FOR SEVERAL YEARS, studies were conducted in the Springfield College 
Physical Education Research Laboratory! on various factors entering domi- 
nantly into co-ordinated strength movements of the arm and shoulder girdle 
area. In this process, nine tests of muscular strength and five anthropometric 
measurements were related to each other and to 12 arm strength criteria. 


The Experimental Variables 


STRENGTH TESTS 

Strength tests of the following nine muscle groups were utilized in the 
studies: elbow extensors and flexors; and shoulder extensors, flexors, adduc- 
tors, abductors, outward rotators, inward rotators, and shoulder horizontal 
adductors. Strength was measured with a cable tensiometer applied to a spe- 
cially designed pulling assembly, in accordance with techniques described by 
Clarke (1). The testing was unilateral only, the left arm and shoulder girdle 
being used. 


ANTHROPOMETRIC TESTS 

Five anthropometric tests were used, as follows: girths of upper arm re- 
laxed, flexed, and “tension flexed”; length of upper arm; and standing height. 
With the exception of standing height, the measuring instrument was a cloth 
tape with a Gulick handle. The spring located in this handle permitted the 
application of uniform tension, which was of special value in making objec- 
tive girth measurements (7). Coefficients of correlation obtained in this 
study for the various anthropometric measures by the test-retest method utiliz- 
ing different testers were between .90 and .95. The testing techniques were 
as follows: 


1Conducted with the assistance of many physical education graduate students at Spring- 
Feld College, in part under subsidy from the Office of Naval Research. Special acknowl- 
edgments are made to Theodore L. Bailey and Donald K. Matthews, laboratory supervisors 
during the period of this experimentation. 


134 





Arm Strength and Anthropometric Measures 135 


1. Standing Height. Subject stood erect in stocking feet on platform of 
weight balance scale, back to measuring rod; height recorded to nearest inch. 

2. Length of Upper Arm. Subject sat erect in chair, feet on floor; arm 
adducted at shoulder to 90°, forearm flexed at elbow to 90° palm downward, 
fingers extended; acromion process and lateral epicondyle located by palpa- 
tion and marked with a flesh pencil; distance measured between pencil marks 
with tape. 

3. Girth of Upper Arm “Tensed Flexed.” Subject sat erect in chair, feet 
on floor; arm flexed at shoulder to 90°, elbow flexed with forearm in 
supine position; fist clenched and biceps contracted to form as large a muscle 
as possible; girth measured around most prominent part of upper arm, bring- 
ing the pressure on the tape each time to the same point on the spring in the 
Gulick handle. (Techniques for testing the girths of the upper arm flexed 
and relaxed are not given, as these measures did not appear prominently in 
the results of the study.) 


Arm Strength Criteria 


For purposes of analysis, the following 12 composite scores, indexes, and 
tests were used individually as criteria: composites (raw-score and Hull- 
score), indexes (McCloy’s, Rogers’, various pull-up and push-up combina- 
tions with weight), and tests (MacCurdy’s, pull-ups, push-ups). 


COMPOSITE STRENGTH SCORES 

Raw-score Composite. For this criterion, the raw scores obtained by each 
subject on the nine strength tests were added. This method had the effect of 
weighting the tests, as small muscle movements with low strength scores were 
combined directly with large movements with high scores. Thus, the weight 
in the criterion for each of the tests was proportionate to the actual strength 
of the movement. 

Hull-Score Composite. The Hull-score values obtained for each subject on 
the nine strength tests were added to form this criterion. Hull scores are 
based on the standard deviation distances of scores from their respective 
means (a range of three and one-half S.D.’s either side of the mean), and 
the use of this scale has the effect of giving each test equal weight in the 
criterion. 


ARM STRENGTH FORMULAE 

Rogers’ Arm Strength Score. This arm strength score, a part of the Rogers 
Strength Index battery, is based upon the number of pull-ups (from chinning 
bar) and push-ups (from parallel bars) the subjects can perform. The pull- 
up and push-up tests were administered as described by Clarke (2). The arm 
strength score was computed from the following formula: 

A.S. = (Push-ups + Pull-ups) (Wgt./10 + Hgt. —60) 
McCloy’s Arm Strength Score: The same pull-ups and push-ups used for 


the Rogers’ score were utilized in the McCloy (6) formula: 
AS, = 1.77 Wet. + 3.42 (Pull-ups) — 46 
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The same formula was used for push-ups; and combined pull-up and push- 
up strength was obtained by adding both. 


OTHER PULL-UP AND PUSH-UP ARRANGEMENTS 

The number of pull-ups and push-ups were also utilized to form the follow- 
ing five additional arm strength criteria: number of pull-ups, number of 
push-ups, number of pull-ups times weight, number of push-ups times weight, 
and number of pull-ups plus push-ups times weight. 


MACCURDY’S ARM STRENGTH (PULLING) TEST 

Unlike most of the other criteria, the MacCurdy arm strength tests involve 
direct pulls and pushes on a dynamometer. In this study, the pulling test only 
was used. The testing techniques are described in MacCurdy’s Columbia 
University doctoral dissertation (5). 


Research Procedures 
SUBJECTS 

Data were collected on 62 Springfield College male students. Inasmuch as 
most of the subjects were physical education majors, they were thought to be 
physically superior to college students in general. Believing that the nature 
of the subjects might be a factor in the results of an experiment requiring 
vigorous physical effort, data were collected to define further the physical 
status of the group. As the individual subjects participating in the research 
varied from year to year, a general summary only of these data is given. 

Age. Age was limitcd to students between 20 and 26 years inclusive; the 
median was 22.25. 

Height. The median height was 69.25 inches; the interquartile range, from 
67 to 71 inches; the range, from 64 to 74 inches. 

Weight. The median weight was 156 pounds; the interquartile range from 
149 to 171 pounds; the range, from 126 to 236 pounds. 

Strength Index (2). The median S. I. was 2984 points; the inter-quartile 
range, from 2688 to 3150 points; the range, from 2000 to 3900 points. 

Physical Fitness Index (2). The median PFI was 105; the interquartile 
range, from 93 to 118; the range, from 56 to 150. 

Somatotype (8). The subjects were dominantly mesomorphic, with a pro- 
nounced drift toward the meso-ectomorph. 


TRAINING OF TESTERS 
Before the testers were permitted to record test scores of either the experi- 


mental variables or the criterion measures, they were required to demonstrate 
testing competence, as follows: (a) They were first instructed in the testing 
techniques and practiced testing with available subjects. (b) Then, the testers 
administered each test twice to the 62 subjects and correlated the results to 
obtain an objectivity coefficient. This process was continued until the testers 
achieved agreement equal to the objectivity coefficients reported for each test. 
Approximately three weeks of constant testing were necessary for the testers 
to reach this level of competence for all tests. 
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SUBJECT FATIGUE 

The fatigue element from repeated maximal exertions of the arm and shoul- 
der girdle muscles, while possibly present, was minimized by spaced testing 
and was equalized by systematically changing the sequence of tests for each 
testing period. 


STATISTICAL ANALYSIS 

All experimental variables were intercorrelated and were correlated with 
each of the arm strength criteria by means of the Pearson product-moment 
method. In interpreting the correlations, r’s of .250 and .325 are significant 
at the .05 and .01 levels of confidence respectively for 62 cases (4). 

Coefficients of multiple correlation were computed to select the experimental 
variables which ‘best represent or account for each of the criterion measures. 
These coefficients were calculated by the Wherry-Doolittle method (4), as this 
method permits an automatic succession of variables to be chosen for the 
multiple, offers a system of mathematical checks on the accuracy of the com- 
putation, and allows for stopping the process when R no longer increases ap- 
preciably. 

Predictive indices were utilized to indicate the percentage better than 
chance relationship of the various correlations obtained in the study. This 
statistic also permitted a crude comparison of the relative significance be- 
tween the various correlation coefficients. 


Results of Initial Studies 


During the first year of the study, the experimental variables consisted of 
cable-tension strength tests of nine movements of the elbow and shoulder 
joints. The arm strength criteria were: McCloy Arm Strength Formula (for 
pull-ups, push-ups, and pull-ups plus push-ups), Rogers Arm Strength Score, 
number of pull-ups, number of push-ups, number of pull-ups times weight, 
number of push-ups times weight, and number of pull-ups plus push-ups times 
weight. 

For the second year, the experimental variables were the same as the first 
year, with girths of the upper arm relaxed and flexed added. The criterion 
measures were raw-score composite and Hull-score composite. Significant 
results of this experimentation are summarized below. 


ZERO-ORDER CORRELATIONS 

1. The intercorrelations of the cable-tension strength tests were on the 
whole significant well beyond the .01 level of confidence. Correlations of .61 
between shoulder extension and adduction and .59 between shoulder extension 
and elbow extension were the highest obtained. 

2. Girths of the upper arm relaxed and flexed correlated between .28 and 
.55 with the various cable-tension strength tests. They also correlated .89 
with each other, thus demonstrating that only one of these need be included 
in further research. The flexed position was chosen because of slightly higher 
correlations with the arm strength criteria. 
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3. Correlations between the cable-tension strength tests and the criteria 
composed of the number of pull-ups and push-ups (alone, added, or multi- 
plied by weight) were comparatively low, varying from —.03 between shoul- 
der adduction and number of push-ups to .37 between shoulder inward 
rotation and push-ups times weight. Twenty-nine—all but seven of these cor- 
relations—fell below .25, which is at the .05 level of confidence. 

4. In general, the correlations of the experimental variables with the 
Rogers and McCloy arm strength criteria were higher than those obtained 
with the other criteria involving the pull-ups and push-ups. These correla- 
tions ranged from .06 in the case of shoulder abduction and the Rogers Arm 
Strength Score and .57 in the case of shoulder extension and McCloy’s Arm 
Strength Score (push-ups). Thirty-three—all but twelve of these correlations 
—were significant beyond the .05 level. 

5. The correlations of the strength test variables were naturally much 
higher with the raw-score and Hull-score composites. They ranged from .53 
between shoulder abduction and Raw-score composite to .81 between shoulder 
adduction and the same criterion. All of these correlations were significant 
beyond the .01 level. 

MULTIPLE CORRELATIONS 

Multiple correlations were computed between the cable-tension strength 
tests and the various arm strength criteria. The coefficients obtained and the 
order in which the strength tests appeared in each multiple appear in Table 1. 
Comments relative to these results follow. 

1. The highest multiple correlation was .99, found with each of the com- 
posite score criteria. These high correlations were a natural result of the ex- 
perimental situation, inasmuch as the strength tests, themselves, formed the 
criterion in each case. The first three tests in the multiple correlation for the 
raw score composite (shoulder extension, shoulder flexion, and shoulder ad- 
duction) had the highest means. Two of the same tests, shoulder adduction 
and shoulder flexion, also, appeared in the battery for the Hull-score com- 
posite. 

2. The multiple correlations with the McCloy formulae as the criteria 
ranked next in size. The highest of these multiples was .66, when push-ups 
only were used; the other two correlations were .62 and .60. With the Rogers 
score, R was .52. In terms of predictive index, the McCloy push-up results 
had 67 per cent more predictive value than did the Rogers results. 

3. The lowest multiple correlation of .32 was obtained when the number 
of pull-ups and push-ups was used separately. Some increase in the multiple 
was found when these numbers were multiplied by body weight. The multiple 
of .46, when the number of pull-ups plus push-ups times weight was the cri- 
terion, nearly equalled the .52 obtained when the Rogers Arm Roses was used. 

4. Three strength test items stood out prominently in the number of mul- 
tiples in which they appeared, as follows: 

(a) Shoulder flexion appeared in nine of the multiples; was in first or sec- 
ond position in all but one of these. 
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(b) Elbow flexion was found in eight of the batteries; was in either first 
or second position throughout. 

(c) Shoulder adduction appeared in seven of the multiple correlations; 
ranked first in one battery, although its usual position was third or fourth. 

5. Two other strength variables should be mentioned: shoulder inward 
rotation was included in four of the multiple batteries; and shoulder exten- 
sion appeared first in two batteries. All but one of the other strength varia- 
bles, shoulder abduction, appeared in one or two multiples, ranking in third 
or fourth position in each instance. 

6. The girth of the upper arm flexed correlated .67 and .63 with raw-score 
and Hull-score composites respectively. 


Latest Study 

During the third year of this research, strength and anthropometric varia- 
bles were selected on the basis of their frequency of appearance in the 
previous correlations and in their relatively high zero-order correlations with 
arm strength criteria. Thus, the following tests were included: five strength 
tests of elbow flexion and shoulder flexion, adduction, inward rotation, and 
extension; and one anthropometric test of girth of upper arm (changed to 
“tension flexed,” as described above). Two additional anthropometric tests, 
standing height and length of upper arm, were included among the experi- 
mental variables, as crude indicators of the distance each subject lifts himself 
in pull-ups and push-ups. 


For arm strength criteria, those scores with which high multiple correla- 
tions had been obtained in the earlier research were included. These were: 
the McCloy formula for pull-ups, for push-ups, and for pull-ups plus push-ups; 
and the Rogers Arm Strength Score. The MacCurdy pulling test was added, 
in order to utilize a criterion based upon the application of the strength of 
the arm and shoulder girdle muscles in a single muscular effort, rather than 
by pull-ups and push-ups. 


Paired Relationships 

The product-moment correlations among the experimental variables and 
the correlations of the experimental variables with the arm strength criteria 
appear in Table 2. Observations pertaining to these results appear below. 
ANTHROPOMETRIC VARIABLES 

The most significant and surprising correlations of the experimental varia- 
bles with the criteria were .74, .74, and .73 between the girth of tensed-flexed 
upper arm and the McCloy formulae. The amounts of these correlations have 
been verified twice in subsequent studies (9). The correlations were higher 
than any correlation previously obtained against arm strength measures. 

The highest correlation of experimental variables with the MacCurdy pull- 
ing test was .49, again obtained with the girth measure, although duplicated 
with the shoulder inward rotation strength test. Correlations of the anthropo- 
metric measures with the Rogers Arm Strength Score were so low as to be 
statistically insignificant. 
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TABLE 2 


Intercorrelations of Experimental Variables and Their Correlations with the Various 
Arm Strength Criteria 





Cloy’s Arm Strength 


(pullups) 


McCloy’s Arm Strength 


Roger’s Arm Strength 





Cloy’s Arm Strength 
(pullups and pushups) 


(pushups) 





MacCurdy (pulling) 
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Experimental variables | 12 3 4 5 6 78 | 
Shoulder adduction —............| X .78 .60 .62 .53 .34 .28 .34 
Shoulder extension _ ._-__| X .66 .60 .47 .22 .34 .47 
Shoulder flexion 2 X 56.47 19°12 3 
Shoulder inward rotation | 19. 
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Standing height __ 
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Length of upper arm .30|—.04 .47 .42 .32 .36 
. Girth of flexed-tensed upper arm _| | .04 .74 .74 .73 .49 
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In general, fairly high correlations were found between the anthropometric 
measurements and the strength tests. The correlations with the girth of 
tensed-flexed upper arm were somewhat higher than for the other anthropo- 
metric tests. The highest such correlation was .52 with shoulder flexion. 

A correlation of .54 was found between standing height and upper arm 
length. The girth measure had some relationship to upper arm length (.30), 
but was not significantly related to standing height (.07). 


MUSCULAR STRENGTH VARIABLES 


A number of strength test variables correlated fairly high with the various 
arm strength criteria. The highest correlation was .59 between shoulder 
flexion and McCloy’s formula with pull-ups plus push-ups; the lowest, .07 
between shoulder extension and the Rogers arm score. All of the strength 
test correlations with McCloy and MacCurdy criteria exceeded those with 
the Rogers formula. 

The inter-correlations among the strength test variables were quite high, 
ranging from .47 to .78. As in the initial studies, the highest intercorrelation 
was between shoulder adduction and shoulder extension. Also, these correla- 
tions were consistently higher than in previous reports, owing, it is believed, 
to greater skill of the testers in administering the tests. 


Multiple Correlations 


A composite picture of the results of Wherry-Doolittle multiple correlations 
of the strength and anthropometric test items with the various arm strength 
criteria appears in Table 3. Comments relative to these results follow: 

1. The multiple correlations obtained in the final study were higher than 
any previously obtained with pull-up and push-up criteria. The highest such 
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multiple correlation in the initial studies was .66; in this study, three such 
correlations were around. 80. In all three instances, the McCloy arm strength 
formulae constituted the criterion measures. 


TABLE 3 


Strength and Anthropometric Variables Appearing. in Multiple Correlations Utilizing 
Arm Strength Criteria 





y's 
& 
(pull-ups and 


Rogers’ Arm 
Strength 
McCloy’s 
(pull-ups) 
(push-ups) 
push-ups) 
MacCurdy’s 
(pulling) 


McClo: 

















Anthropometric variables _ 
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Shoulder inward rotation_ 2 
Og ae: 
Standing height bac 
Length of upper arm_ eeceeer 
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2. The multiple correlation with McCloy’s push-up formula increased to 
.87, when elbow and shoulder flexion endurance items were included. These 
endurance tests were administered in the Kelso-Hellebrandt ergograph in ac- 
cordance with techniques described by Clarke (3). 

3. The next highest multiple correlation was .67, obtained when the Mac- 
Curdy pulling test was the criterion. This multiple, also, was higher than 
those in initial studies. 

4. The lowest multiple correlation was .36 with Rogers arm score as the 
criterion. The earlier correlation with this criterion was .52, with only 
strength tests used. 

5. Considering the variables entering into the rere correlations, two 
anthropometric variables proved unexpectedly to be of greatest importance. 
These were girth of flexed-tensed upper arm and standing height. The girth 
measure was first in four of the multiples, but did not appear at all when 
Rogers arm score was the criterion. Standing height was the only variable 
found in all five criteria. 

6. Shoulder inward rotation strength appeared in three of the multiple cor- 
relations; shoulder adduction strength and length of upper arm, in two; and 
elbow flexion strength in one. Shoulder extension strength was the only varia- 
ble not found in any of the multiples. 

7. In general, the strength variables fared rather poorly in this research. 
All but one appeared in at least one multiple; however, elbow flexion strength 
was the only one which ranked first in such a battery (Rogers arm strength). 
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Discussion 

Perhaps the most interesting finding in this research was the high relation- 
ship of girth of flexed-tensed upper arm, an anthropometric measure, to 
strength test variables and arm strength criteria. In interpreting this result, 
the nature of the subjects should be kept in mind. As described above, they 
were dominantly mesomorphic, with some tendency toward meso-ectomorphy ; 
and had better than average musculatures. Thus, with few exceptions, the 
amount of superfluous flesh was slight for most of them; the tape was, there- 
fore, measuring bone and muscle, with a minimum of fat. It is questionable 
if similar results would be obtained with a random sample of college students. 

Another anthropometric test, body height, was also prominent in the mul- 
tiple correlations. Consequently, it may be concluded that the height of the 
individual adds significantly to his ability to score well on arm strength mea- 
sures, as presently conceived. 

An interesting aspect of the study is the great difference in multiple cor- 
relation obtained with the McCloy and with the Rogers arm strength measures. 
Contrasting predictive indices, the McCloy formula has 5.88 times more pre- 
dictive value from these variables than the Rogers arm score. The correlations 
between the McCloy and Rogers scores, utilizing identical pull-ups and push- 
ups, is .42. 

In examining the scattergram, it was found that heavy subjects with some 
tendency toward obesity scored high by the McCloy formula and low by the 


Rogers score; the reverse was true with small, slender subjects. This phe- 
nomenon needs further investigation, both to discover the significance of 
differences that exist between the two arm strength scoring methods and to 
determine their relative value in the measurement of physical fitness, motor 
fitness, and general athletic ability. 
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Abstract 

In this study 299 schools were surveyed to determine the number having a core cur- 
riculum and the various types of courses which were included. From the 198 respondents 
it was found that 75 schools had no core requirement while 123 have some type of core 
requirement. The study shows a marked trend toward an area, basic orientation course 
or specific activities requirement of all participants in the service program. In addition 
to a basic course, the requirements emphasize body mechanics, team sports, individual 
sports, swimming, and some form of dance. 


THIS REPORT was made to the National Association of Physical Education 
for College Women by the Subcommittee on Curricular Content in the Col- 
lege Service Program.' The study reported here was conducted on a nation- 
wide scale in an attempt to determine the number of schools having a core 
curriculum and the various types of courses included. 


Procedure 

Questionnaires were sent out by five District Chairmen to 299 selected 
colleges and universities. Each chairman was asked to make as extensive a 
survey as possible of her district or to use information for her district which 
was recent and already available. The distribution of the 299 questionnaires 
according to districts was as follows: Central District, 60; Eastern District, 
27; Midwestern District, 48; Southern District, 94; Western District, 70. 

Replies to the questionnaire were received from 198 schools (66%). The 
questionnaire asked if the school had a core requirement in the department. 
Core requirement was defined as a basic course or courses fulfilling common 
needs of women students and required of all women non-physical education 
major students in the school. A respondent replying in the affirmative was 
asked to describe the contents of the course or courses in outline form. 

As shown by Table 1, the number of respondents stating they had no core 
requirement was 75 schools (38%) while the number with some type of 
core requirement was 123 schools (62%). It was found that the schools 
with a core requirement had three general types—area, basic orientation 
course and specific activity course requirement. Table 1 also shows that 16 
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schools had two types of requirement. The results of the answers which were 
received are presented in the following tables. 


Discussion of Results 

In Table 2 it is shown that of those 38 schools having an area requirement 
a larger percentage of them required team sports, an individual or an indi- 
vidual or dual sport, swimming (one school permits synchronized swimming 
to be elected to fulfill the group activity area requirement) and rhythms or 
some general type of dance. Some requirements allow a choice within sev- 
eral areas, as shown in column—Number with Choice—while others desig- 
nate definite areas as shown in column—Number with No Choice. 


TABLE 1 
Specific Requirements Within the Overall Requirement in Physical Education 
for College Women 
N = 198 


Type of Requirement | Number | Percentage 








No. core requirement... 

Area requirement __.-...... a oe | 19 
Basic orientation course requirement te ey | 20 
Other specific course requirement _. if pas ee | 31 
Two types of requirement* I Seen e | | 8 





*NoTE: A total of 214 schools is shown, owing to the fact that 16 schools have two types of 


requirements. 
TABLE 2 

Analysis of Definite Area Requirements in the Service Program of Departments 
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Table 3 shows the various combinations of area requirements as indicated 
by the various schools. As an example, three different schools combine an 
activity from individual or dual sports, team sports, and rhythms for their 
requirement. The largest percentage require the combination of an activity 
from individual or dual sports, team sports, rhythms and swimming. 





The Research Quarterly 


TABLE 3 
Analysis of Combinations of Definite Area Requirements in the 
Service Program of Departments of Physical Education 





Combinations of Areas Number | Percentage 








Individual or dual sports, team sports, and rhythms ies 3 8 

Individual or dual sports, team sports, rhythms, and swimming 21 

Body mechanics, team sports, swimming, and choice of dance courses 2.6 

Body mechanics, individual or dual sports, rhythms and team sports 2.6 

Club activities, choice of folk, modern or square dance, individual 
sport, and swimming test 

Individual sport and team sport 

Two individual sports, modern dance, and team a sports. - 

Group activities (synchronized swimming) and individual sport 

Individual or dual sports and team sports... 

Dance-general, individual or dual sports, swimming test, and 
OS REREAD RES cae a eee ee 

Two individual sports, swimming test, and team sports __ 

Dance-general and sports-general 

Dance-general, individual sport, swimming, swimming y test, and 
team sports oe 

Choice of dance-ge neral, swimming, , and 1 team n sports 

Individual sports, rhythms, swimming, and team sports... 

Individual or dual sport, two rhythms, swimming test, and two 
team sports 

Team sport _.. 

Individual sport, modern dance, and ti team sports 

Two individual or dual sports, rhythms, choice of swimming or 
swimming test, two team sports SES 

Two dance-general, two individual sports, — and team 
sport 

Choice of dance- general, individual sports, swimming, or team 

ane - siidieinieastese | 26 

| 











2.6 





Individual sport, modern dance, ¢ swimming, and team sports _ 2.6 
Dance-general, individual sport, and team sport _ 2.6 
Individual sports, choice of modern dance or square dance, swim- | 
ming, swimming test, and team sport.. | 2.6 
Rhythms, swimming, two team sports_. 2.6 
Choice 0 modern dance, swimming, swimming test, and team sports | 2.6 
Dance-general, choice of folk, modern or square dance, individual 
sports, swimming, and team sports , 1 | 
Two fundamentals of movement, swimming, and team sports oat 1 | 


2.6 
2.6 








As shown by Table 4, of the 39 schools with a basic orientation course 
requirement, a larger percentage of them include body mechanics, relaxation, 
posture, daily living activities, departmental policies and procedures, objec- 
tives of physical education, weight control, health practices, conditioning 
exercises and fundamental movement (rhythmic) in their basic course. 

As shown by Table 5, of those 62 schools having required specific activity 
courses, a larger percentage of them required body mechanics, volleyball, 
basketball, swimming or swimming test, softball, rhythmic fundamentals, folk 
dance, square dance, stunts and tumbling, health, badminton, and soccer. 
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TABLE 4 
Analysis of Materials Included in Basic Orientation Courses 
Required in Physical Education Departments 
N = 39 


Materials Included in Courses Percentage 








Analysis of individual eee” 

Body mechanics SEs: 

Conditioning exercises. ———___.__. 
Daily living activities — _-_-_»»_____- 
Departmental offerings 
Departmental policies and procedures... 
First aid __. oss 
Fundamental movement (rhythmics) 
Fundamental skills ee 
General orientation eee 
Guidance in selection of activities _ 
Gymnastics 
Health Practices 
Leisure 
Modern dance _ 4 

Motor ability tests . am 2 
Objectives of physical ‘education . 
Outing activities - 

Philosophy of physical ‘education. 
Philosophy of recreation. es 
Piveneal fiaese 0 rei 
Posture - E Frese ea 
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In Table 6 are listed the schools which have two types of requirements— 
four have an area and basic orientation course combination and 12 have an 
area and definite course requirement. 

As shown by Table 7, of those seven schools which have a requirement 
but do not consider it to be a core curriculum, a larger percentage require 
swimming, fundamentals of movement (rhythms), and dance in general. 

Table 8 shows that of those schools which do not now have a requirement 
but have listed the requirements which they feel are important, a larger 
percentage suggested individual sports, team sports, swimming, body me- 
chanics, and a rhythmic activity, 

A more detailed account of some of the basic orientation courses will be 
submitted at a later date so that any school which wishes to offer such a 
course may have some suggestions to follow. 

Conclusions 

The committee feels that the study shows there is a marked trend in the 

direction of some specific basic curricular material required of all participants 
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TABLE 5 
Aanlysis of Activity Courses Stated as Definite Requirements 
of Physical Education 
N == 62 








Number with |; Number 
Specific Activity Courses Required No Choice | with Choice Total | Percentage 
| EE ae sae 10 10 | 16 
Badminton 13 14 | 22.4 
ee eee 1 1 | 1.6 
Basketball _...__ 25 25 40 
Body mechanics eee 34 34 54.4 
SS _— 7 11.2 
Conditioning exercises 10 16 
Fencing - 1 1.6 
First aid 2 A 
Folk dance ___. 
Fundamental skills _ 
Golf 
Group games 
Gymnastics _ 
Health _ 
es eee 
Individual sports (no definite sport 
specified) ___. 
Lead-up games _ 
ECE SO 
Modern dance 
Perens 
Recreational games 
Relaxation : 
Rhythmic fundamentals 
Self-testing activities 
Skating - 
Skiing - 
Soccer 
Social dance 
Softball _..__. 
Speedball _ 
Square dance 
Stunts and tumbling 
Swimming or swimming test 
Tap dance 
Team sports (no definite sports 
specified ) 4 
Tennis - 10 
Track and field __ ASSES AE eee 4 | 
Volleyball dabdianithstchs sacea 26 
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in the physical education service program. These requirements are arranged 
in three ways: (a) Area; (b) Basic course; (c) Specific activities. 

In addition to an apparent trend toward a basic course, the area and specific 
activity requirement emphasize body mechanics, team sports, individual 
sports, swimming and rhythmic activities, or some form of dance. 
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TABLE 6 
Analysis of Physical Education Departments with 
Two Types of Requirements 
N = 16 


~ Type of of Requirement | Number Percentage 











Area requirement __........ ee et ee eee ee 16 100 
(Table 2) 

Basic orientation course... BS a Se re oe 4 25 
(Table 4) | 

Definite courses required | 12 


(Table 5) 








TABLE 7 
Departments Stating a Requirement but Not 
Considering it a Core Curriculum 
ea 7 


Type of Requirement | Number | Percentage 


14.2 
14.2 
14.2 
28.5 
14.2 
28.5 
14.2 
14.2 
14.2 
14,2 
71 

14,2 
14.2 
14.2 
14.2 
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Group games 

Individual sports (no definite sport specified) 

Soccer 

Swimming Leena Cree ae 
Team sports (no definite sport ‘specified) _ 
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Tumbling 

Volleyball 
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TABLE 8 
Requirements Suggested by Schools Not Now Having Core Requirement 
y= 24 





~~ Type of Requirement 4 _N u umber Percentage 





Achievement of organic fitness... 

Body mechanics 

Dance Pee 

LEMIRE aE 
Departmental offerings 

Fundamentals of movement - 

Group activities 

Health Education —__. 

Individual sports (no definite. sport specified). 
Monern: Genes: oe 
Ofientation course: 
ecrestional-skany 220 
Relaxation —.._ heecies 

Rhythmic activity © or r fundamentals. 

Sampling of skills and activities 
Swimming or swimming test - 

Team sports (no definite sport ‘specified) _ 


4,2 
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Abstract 


In this study an instrument was constructed and evaluated for determining the prev- 
alence of certain harmful health and safety misconceptions among fifth and sixth grade 
children. The instrument was used to determine the prevalence of 216 harmful health 
and safety misconceptions among 2,210 fifth grade children and 1,881 sixth grade 
children in six urban and suburban communities in Eastern Massachusetts representing 
both industrial and residential areas. The analysis of the results revealed that many 
harmful health and safety misconceptions were subscribed to by the fifth and sixth 
grade children participating in this investigation. 


THE PURPOSE OF this study was: (1) to construct and evaluate an instru- 
ment for determining the prevalence of certain harmful health and safety 


misconceptions among fifth- and sixth-grade children; and (2) to determine 
the prevalence of responses to this instrument which suggest the occurrence 
of certain harmful health and safety misconceptions among fifth- and sixth- 
grade children, and variations of this prevalence according to grade level. 
Misconceptions are erroneous ideas, notions or beliefs. This investigation is 
concerned with two kinds of misconceptions: health misconceptions and 
safety misconceptions. For the purpose of this study they are expressed in 
declarative sentences. Health misconceptions are expressed as statements 
pertaining to health that lack a scientific basis and are not in accord with 
current authoritative medical thought. Safety misconceptions are expressed 
as statements pertaining to safety that lack a scientific basis and are not in 
accord with current authoritative thought in the field of safety. 


Justification of the Study 


Education has the challenging task of helping individuals to acquire con- 
cepts of healthful and safe living which are essential to, or consistent with, 
desirable behavior. It also has the task of helping individuals to identify 
and correct their acquired misconceptions pertaining to health and safety 
which are not consistent with such behavior. The accomplishment of these 
two tasks depends to a great extent upon the intelligent selection and organ- 
ization of subject matter and experiences by the persons responsible for the 
education in our democracy. 
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Merrill (13), Staton (19), and Boyd (3) have provided important in- 
formation to educators concerning those concepts of healthful living which 
are of functional value in contributing to the general education of the 
individual. This information is of great assistance in the planning of health 
instruction programs. More effective planning, however, would be possible 
if significant data were made available to educators concerning the prev- 
alence of harmful health and safety misconceptions among school children 
and variations of this prevalence according to grade level. 


Review of Related Literature 


A review of the research revealed a few studies (15, 16, 17, 18) related 
in purpose and method to the one proposed here. However, the review of 
the indexed literature did not reveal any studies that were concerned with 
harmful health and safety misconceptions of fifth- and sixth-grade children. 

Numerous books (1, 4, 5, 8, 11, 20) and articles (2, 6, 7, 9, 23) dealing 
with health superstitions, health fallacies, nostrums, health fads, and quackery 
were discovered in the literature. They served as valuable sources for ideas 
in the initial steps of compiling statements of misconceptions for the instru- 
ment used in this investigation. These books and articles are primarily con- 
cerned with the enumeration and explanation of unfounded health beliefs 
and may well serve as references for teachers to help in the elimination of 
health and safety misconceptions. 

The review of related research revealed only a few studies (15, 16, 17, 18) 
that endeavored to investigate the prevalence of health misconceptions and 
treat the data statistically. These investigations indicated that prospective 
teachers, secondary school students, and young adults as a whole subscribe 
to health misconceptions to a surprising degree. 

Face validity, or verification of certain statements as health misconceptions 
in these investigations, was obtained by submitting them to medical and 
subject-matter experts for evaluation or by reference to authoritative sources. 

Nearly all the investigators used true-false questionnaires for the deter- 
mination of prevalent health misconceptions. Rhoton (15) and Salt (17), 
using the Spearman-Brown Prophecy formula, obtained reliability coefficients 
of .£817 and .903 respectively for the true-false tests used in their investi- 
gations. 

Hancock (10) used a jury of experts to evaluate certain popular science 
misconceptions according to their potentialities for affecting the behavior of 
individuals subscribing to them and concluded that the misconceptions hav- 
ing the most influence on behavior were those related to health. 

The analysis of related literature strongly indicates the urgent need for 
reliable and valid instruments that can be used to obtain data concerning 
the prevalence of harmful health and safety misconceptions in our school 
population. This investigation was an attempt to meet this need by con- 
structing and evaluating one such instrument for use among fifth and sixth 
grade school children. 
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Procedure 


Criteria for the Development of the Instrument. The securing of data 
for this study depended upon the development of an instrument for the 
determination of certain harmful health and safety misconceptions and its 
administration to the children comprising the entire population of the fifth 
and sixth grades of six communities. It was assumed that such an instru- 
ment, in order to be satisfactory, should conform to the following criteria: 

1. It should be a valid and reliable measure of the prevalence of certain harmful 
health and safety misconceptions. 

2. It should be easy and quick to administer. 

3. It should provide for the expression of different degrees of credulity and an op- 
portunity for the examinee to indicate those items which are not known or understood. 

4. It should be free from statements pertaining to religion or sex. 

5. It should be suited to the examinees’ reading level. 

6. It should give no outward indication that a study of health and safety miscon- 
ceptions is being conducted. 

7. It should allow for the presentation of a maximum number of health and safety 
misconceptions. 

8. It should lend itself to machine scoring. 

9. It should be short enough to prevent the examinees from becoming fatigued and 
disinterested. 

Compilation of Health and Safety Misconceptions. In order to develop 
items for the instrument, a list of 203 health misconceptions and 30 safety 
misconceptions was compiled that might be considered harmful to an indi- 
vidual or individuals if used as guides for behavior. The sources utilized 
for this compilation included: (1) previous studies of health misconcep- 
tions; (2) published books and articles pertaining to health and safety mis- 
conceptions; (3) contributions from various students, teachers, and physi- 
cians; and (4) press, magazine, radio, and other forms of advertising which 
stated or implied health misconceptions. 

Formulation of the Items in.the Preliminary Instrument. The next step 
in the development of the instrument was that of writing a suitable statement 
of each misconception to be included in the instrument. To facilitate this 
process, the following criteria were used as guides in the formulation of 
each statement: 

. It should be a declarative sentence. 

. It should be brief. 

. It should be completely false. 

. It should have only one interpretation. 

. It should be suited to the reading level of fifth and sixth grade children. 


During the formulation of these statements, several fifth-grade children 
were interviewed to obtain information about the complexity, clarity, and 
difficulty of each item. Analysis, criticism, and suggestions for revision of 
the statements were also obtained from members of the Measurement and 
Evaluation Seminar during the 1951 Summer Session at the School of Edu- 
cation, Boston University. In addition, the statements were submitted to four 
elementary school specialists during personal interviews to obtain further 
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analysis, criticism, and suggestions for revision of the statements in accord- 
ance with the criteria set for their formulation, 

Jury Validation and Evaluation of the Health and Safety Misconceptions. 
The validation and evaluation of the health and safety misconceptions that 
were used in this investigation required the development of a special evalu- 
ation oe and its administration. to medical specialists and subject- 
matter experts in the areas of health and safety. 

Experts Co-operating in the Evaluation of Health Misconceptions. Julius 
W. Fryer, M. D., Ph. D., clinical director of the Danvers State Hospital, 
Hathorne, Massachusetts; Roger Osterheld, M. D., superintendent of the 
Monson State Hospital, Monson, Massachusetts; Robert W. Keeler, M. D., 
Attleboro, Massachusetts; Otto S. Nau, Jr., M. D., Arlington, Massachusetts; 
Carl J. De Prizio, M. D., Attleboro, Massachusetts; Ronald W. Rutherford, 
M. D., Newton Centre, Massachusetts; William Stobbs, M. D., Attleboro, 
Massachusetts; John Mulligan, M. D., Bridgewater, Massachusetts; Bradford 
Lawrence, M. D., Attleboro, Massachusetts; Max E. Rukes, M. D., Charles- 
town, Massachusetts; Claire E. Turner, D. Sc., Dr. P. H., assistant to the 
President, National Foundation of Infantile Paralysis, New York, New York; 
Wesley Staton, Ed. D., associate professor of health and physical education, 
University of Florida, Gainesville, Florida. 

Experts Co-operating in the Evaluation of Safety Misconceptions. Herbert 
J. Stack, Ph. D., director, Center for Safety Education, New York Univer- 
sity, New York, New York; Wayne P. Hughes, director, School and College 
Division, National Safety Council, Chicago, Illinois; Vivian Weedon, Ph. 
D., staff member, School and College Division, National Safety Council, 
Chicago, Illinois; Marion Telford, staff member, School and College Divi- 
sion, National Safety Council, Chicago, Illinois; Russell Brown, staff member, 
School and College Division, National Safety Council, Chicago Illinois; 
Renato Leonelli, Ed. D., associate professor of education, Rhode Island Col- 
lege of Education, Providence, Rhode Island. 

Two psychiatrists, two pediatricians, one surgeon, five general practicing 
physicians, and three health educators co-operated in the validation and 
evaluation of the health misconceptions. The safety misconceptions were 
validated and evaluated by seven subject-matter specialists in safety edu- 
cation. Each of the experts received instructions to: 


1. Rate only the misconceptions that were completely false by checking one of the 
following: (1) not harmful, (2) slightly harmful, (3) moderately harmful, (4) very 
harmful, or (5) extremely harmful. 

2. Delete any statement that was not completely false. 

3. Rate each statement only according to the degree of harm which such a miscon- 
ception would engender, and not according to prevalence or possibility of occurrence. 

In the analysis and treatment of the data that was obtained from the jury 
validation and evaluation of health and safety misconceptions it was neces- 
sary to classify the completely false health and safety misconceptions on the 
basis of their median ratings as being slightly harmful, moderately harmful, 
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very harmful or extremely harmful. The 17 statements which were deleted 
by one or more of the jury members as being not completely false were not 
used in the remainder of the investigation. 

Construction and Administration of the Preliminary Instrument. During 
the spring of 1952, a preliminary instrument was constructed and admin- 
istered to 152 children comprising the entire population of #he fifth and 
sixth grades in one community. The preliminary instrument consisted of 
four inventory forms. Each form contained ninety statements. Approxi- 
mately two-thirds of the statements were false and one-third of the state- 
ments were true in each of the inventory forms. The true statements were 
used to serve as camouflage for the misconceptions. They were needed in 
order to prevent the examinees from becoming aware that a study of health 
and safety misconceptions was being conducted. 

Each examinee was provided with a Bugraphic pencil and an International 
Business Machine answer sheet with directions and sample exercises over- 
printed on one side and provisions for responses on the other. The pro- 
visions for responses allowed the examinees to respond to each statement in 
a particular form in one of the following ways: true, sometimes true, false, 
don’t know, or don’t understand. The examinees were instructed not to 
guess and were allowed as much time as they needed to complete the par- 
ticular form they were using. 

The four inventory forms were distributed randomly and equitably among 
the examinees in each of the fifth and sixth grades. Homeroom teachers 
were supplied with detailed directions pertaining to the administration of 
the inventory forms. The forms were administered by homeroom teachers 
in regular classroom situations. The information obtained during the ad- 
ministration of the preliminary forms revealed some of the revisions needed 
for the improvement of the instrument and its administration. 

Construction of the Final Instrument. One hundred eighty-seven health 
misconceptions that were considered to be harmful and completely false by 
the juries of experts were distributed in approximately equal numbers among 
five inventory forms. True statements or camouflage items were manually 
distributed among the misconceptions. The same 17 camouflage items were 
used in each form with the exception of Form E which contained only 16 
camouflage items. Forms A, B, C, and D contained 43 misconceptions. Form 
E contained 44 misconceptions. Thus each inventory contained 60 state- 
ments. The answer sheets and directions to teachers used with the final 
inventory forms were similar to the ones used in the preliminary instrument 
except for a few minor changes in typographical format. 

Administration of the Final Instrument. The final instrument was admin- 
istered to 2,210 fifth-grade children and 1,881 sixth-grade children com- 
prising the total fifth- and sixth-grade population in six urban and suburban 
communities in eastern Massachusetts representing both industrial and resi- 
dential areas. The forms were equally and randomly distributed in the total 
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population at each grade level by classroom units and were administered 
under the direction of homeroom teachers during regular class hours. 
Organization and Treatment of Data. The data obtained as a result of the 
administration of the final instrument were analyzed to indicate: 
1. The index of discrimination of each misconception at the sixth-grade 
level. 
2. The median, mean, standard deviation, and reliability of each in- 
ventory form at each grade level. 
3. The percentages of all responses to each misconception by fifth- and 
sixth-grade children. 
4. The variation of the “true” and “sometimes true” responses to each 
misconception by fifth and sixth grade children. 
5. The variation of the “don’t know” and “don’t understand” responses 
to each misconception by fifth- and sixth-grade children. 
It was assumed that the sampling was random and that comparable groups 
responded to the statements in the inventory forms. 


Evaluation of the Instrument 

The instrument used in this investigation may be evaluated by answering 
the following questions: 

1. Was the instrument easy and quick to administer? 

Yes, a number of conferences with various teachers who administered the 
instrument revealed that the average amount of time for the pupils to read 
the directions, to respond to the sample items, and to complete an inventory 
form was approximately 25 minutes. There were no complaints concerning 
the administration of the instrument from any of the teachers and principals 
who co-operated in this investigation. 

2. Did the instrument function as intended in the determination of the 
prevalence of harmful health and safety misconceptions among fifth and 
sixth grade children? 

Yes, the instrument functioned as intended. There were two indications 
that the fifth- and sixth-grade children were honest in their responses to the 
statements in the instrument. First, the frequency or error for the true 
statements was small, approaching zero, since they were functioning as 
camouflage items. Second, the “don’t know” and the “don’t understand” 
responses to the statements containing difficult terminology were high in 
frequency. Therefore, it may be assumed that the fifth- and sixth-grade 
children were not aware that a study of misconceptions was being conducted. 
In addition, it is reasonable to assume that there was a minimum of guessing 
by the fifth- and sixth-grade children responding to statements in the instru- 
ment, 

3. Has the instrument substantial validity? 

Yes, the validity of the instrument was established in the following ways: 

(a) The 187 health misconceptions used in the final instrument were considered te 


be completely false by all members of the jury of experts that co-operated in 
the health misconception evaluation. 
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(b) The 29 safety misconceptions used in the final instrument were considered to 
be completely false by all members of the jury of experts that co-operated in 
the safety misconception evaluation. 

The true statements used in the final instrument were obtained from Merrill’s 
(13) list of concepts of healthful living. Seventeen statements were selected for 
use in the final instrument on the basis that 90 per cent or more of the examinees 
in the trial study had responded to them correctly. 

Flanagan Indices of Discrimination (21) were determined for each miscon- 
ception in each inventory form at the sixth grade level. Only seven of the 216 
misconceptions used in the final instrument had indices below the acceptable 
minimum of 0.20. Two hundred and one of the 216 misconceptions used in 
the final instrument had indices of 0.25 or over and may be considered as out- 
standingly valid items (21). Therefore, it may be assumed that the discriminat- 
ing power of the instrument as a whole is adequate. 

4. Were the five inventory forms used in this investigation reliable instru- 
ments for obtaining information about the prevalence of certain harmful 
health and safety misconceptions among fifth and sixth grade children? 

The inventory forms used in this investigation have limited reliability. 
Reliability coefficients of the five inventory forms ranged from 0.74 to 0.82. 
They were determined by the use of Kuder-Richardson formula #20 (12). 


Conclusions 


The following conclusions are based upon data obtained from this 
investigation. 

1. Many harmful health and safety misconceptions are very prevalent 
among fifth- and sixth-grade children. 

(a) Fifty per cent or more of the fifth-grade children subscribed to 72 of 
216 harmful health and safety misconceptions, 

(b) Fifty per cent or more of the sixth-grade children subscribed to 69 
of 216 harmful and safety misconceptions. ‘ 

2. Variations in the prevalence of certain harmful health and safety 
misconceptions do exist. 

(a) Eighty-five of 216 harmful health and safety misconceptions increased 
in prevalence from the fifth to the sixth grade. The percentage increase of 
the prevalence of these 85 misconceptions ranged from 1 per cent to 16 
per cent. 

(b) One hundred twenty-two of 216 harmful health and safety miscon- 
ceptions showed a decrease in prevalence from the fifth to the sixth grade. 
The percentage decrease of the prevalence of these 122 harmful health and 
safety misconceptions ranged from 1 per cent to 23 per cent. 

(c) Nine harmful health and safety misconceptions showed no change 
in prevalence between the fifth and sixth grade. 


3. The instrument used in this investigation has limited reliability. How- 
ever, it is easy and quick to administer, has substantial validity, and func- 
tions as intended for the determination of the prevalenee of 216 harmful 
health and safety misconceptions among fifth- and six-grade children. 
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Recommendations 


On the basis of the results of this investigation the following recommenda- 

tions seem justifiable: 

1. Fifth- and sixth-grade teachers should identify the harmful health and 
safety misconceptions subscribed to by their pupils as a partial basis 
for the selection and organization of subject matter and experiences in 
the area of health and safety. 

Health and safety instruction in the fifth- and sixth-grades should be 
partially graded from year to year on the basis of the variations of the 
prevalence of harmful health and safety misconceptions. 

The misconceptions used in this investigation should be revaluated peri- 
odically by juries of experts. 


More extensive studies of health and safety misconceptions involving 
other grade levels should be made. 


APPENDIX 


TABLE 1 


Variations of the “True’’ and ‘‘Sometimes True” Responses of Fifth- and Siath-Grade Children 
to Certain Extremely Harmful Health and Safety Misconceptions 








‘ | Percentage Frequency 
of Responses 


Extremely Harmful Ga 5 Gunes 


Health and Safety Misconceptions T and ST iT and ST 
(1) (2) | (3) 











. The best doctors always promise to make people healthy 73 67 
2. The only good way to help a drowning person is to jump in the 
water to save him 72 68 
It is usually safe to go in swimming alone if you know how to swim.. 60 45 
Oil, grease, and gas fires should be put out with plenty of water.... 57 48 
A bullet cannot go off unless it is fired by a gun oe 54 43 
If your clothing catches fire. you should always run for water 53 43 
Bicycle riders should ride on the left hand side of the road to be safe.. 50 52 
Most mental sicknesses cannot be helped by any treatment 47 51 
It is a good idea to make an unconscious person drink something.... 42 50 
A person having a stomach ache should usually take a laxative 41 42 
It is best to go to doctors who advertise in newspapers. 40 31 
It is impossible to cure any cancer 40 36 
It is all right to point a gun at someone if you are sure that it 
is not loaded. 39 29 
A person always comes up to the top of the water three times 
before he drowns 88 41 
All mad dogs foam at the mouth 87 87 
Tuberculosis is a shameful disease to have............csseecseseseescesssesecsees esis 85 30 
A good way to treat a burn is to put iodine on it. 80 25 
It is safe to cross the street without looking when the traffic 
light is yellow and red. 29 30 
Dynamite caps are always safe unless fastened to a fuse........ ASPEN 26 24 
It is safe to cross the street without looking when the traffic light 
is red. 25 
A person who has recovered after having tuberculosis cannot get 
it again, 25 
Throwing oil or gasoline on a slow fire is a wise thing to do 23 
You should be ashamed if anyone in your family is mentally ill. .... 20 
Bicycle riders do not have to obey traffic lights 20 
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Percentage Frequency 


ly H ful of __of Responses 
Extremely Harmfu ~ Grade 5 | Grade 6 


| 
' 
Health and Safety Misconceptions | pand ST | T and ST 





qi ) (2) A 3) 
U nless someone in “your ‘family has tuberculosis there is no chance | 
you will get it vee | 19 18 
All laxatives are safe to use regularly.............0..00 | 19 22 
Touching a light switch or light chain with wet hands is not 
dangerous, i 18 14 
When you are riding a bicycle you never have to use hand signals... 18 12 
It is all right to use sleeping pills without a doctor’s advice............. 17 15 
If you meet a dog that frightens you, it is always best to start 
running. 16 8 
It is safe to cross the street without looking when the traffic light 
BS GPOOM. © ncisccccnccsscscccsvccomsntenccossecocennsenocscnbesesovboosesscpensssasssnneson eccenssecevessce 15 9 
People have accidents only when their ‘‘number”’ is up..... a 138 8 
Throwing a person into deep water is a good way to teach him 
GD PERS Geccstcevnncennncsscciascccssecsabeséuncncncoseciiatnbeensepneneesbonscnatpepsnsineses eoccceceses 12 
The eyes can be made stronger by looking at the sun..........00. eeecsocesess 12 
When you are swimming it is a good joke to call for help when | 
you don’t need it 




















TABLE 2 


Variations of the “True” and “Sometimes True’ Responses of Fifth- and Siath-Grade Children 
to Certain Very Harmful Health and Safety Misconceptions 





Percentage Frequency 
of Responses 


Very Harmful | “Grade5 | Grade 6 
Health and Safety Misconceptions dhsoas ST | “Tand ST 





@) | (3) 





The best way to get a tan is by sleeping in the sun 66 
There are some pills that people can take which will cure the | 
common cold. ¢ | 78 
It is always impossible for a person with cramps to swim 16 
There are certain cough medicines that will cure and prevent | 
the common cold 19 
Spring water that is clear and cold is always safe for drinking....... 67 
Most fat people are very healthy 69 
If you have any disease or sickness you will always feel some pain... 65 
All people with rosy complexions are very healthy. 68 
Every disease needs a drug or medicine for its cure 64 
Any food that does not smell or taste spoiled is safe to eat 66 
Iodine is the best treatment for wounds caused by stepping on 
rusty nails. 67 
All radio advertising about what is good or bad for your health 
is true. 61 
People should walk on the right hand side of the road if there 
are no sidewalks 55 
It is always safe to drink water which has just been taken from | 
a well or spring 
A good safety rule for bicycle riders is: ‘‘Ride on the sidewalk 
as much as possible.”’ 
All health advertisements in papers and magazines are true 

All advertising on television about what is good or bad for health 
is true. 
Persons can clean their blood by eating certain foods, 
A great deal of exercise can never hurt anyone 

Most accidents cannot be prevented 


———E—————EEEEEEE 
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Percentage Frequency 
of Responses 


Very Harmful ~ Grade 5 | Grade6 


Health and Safety Misconceptions 7T and ST | Tand ST 





(1) i mae 


Mental illness usually happens suddenly 43 
People who exercise a lot live longer than other people 57 
There are special laxatives that will help prevent or cure the 
common cold. 
All children with heart murmurs will surely have heart trouble 
later on in life 
An exercise is not good unless it makes your muscles sore and 
stiff 
Blowing your nose as hard as you can is not harmful... 
Most insane persons were born insane 
Most people who get tuberculosis will die in a short time 
Baby teeth need very little care because they will soon fall out.... 
Houseflies are harmless because they are unable to bite 
The first thing to do in treating a burn is to put cold water on it.... 
Eating meat more than once a day is harmful to most persons 
The best way to get water out of your ears after swimming is to 
hold your nose and mouth closed and blow hard 
Drinking raw milk fresh from the cow is a very healthy thing 
to do 
All persons should take laxatives whenever they are constipated 
A good way to take care of blisters is to pinch a hole in them 
If you feel all right, you can be sure that you do not have 
tuberculosis 
You should never eat when you are sick because you feed the 
disease 
Everyone should take a laxative once a week 
Fresh raw milk is a better food for your health than pasteur- 
ized milk . es 
Measles is 1 never harmful. ; 
Sickness is usually punishment for being bad 
It is possible to tell what is going to happen to people from their 
dreams 
You don’t need to worry about having tuberculosis unless you 
are coughing a lot 
Some people should drink very little water because it turns to 
fat in their bodies 
It is safe to use toothpicks or matchsticks for removing wax 
from ears 
When tuberculosis is getting started a person always has a pain 
in the chest 
Squeezing the pus out of boils and pimples with your fingers is 
good for your health 
Whooping cough is never harmful............ccccccescsssssssssssesscessssssseseesseces 
Smart children usually die at an early age 
Teeth need care only when they ache......c.ccccccesscccerceceseees istiesascietence 
. The best way to remove pus from boils and pimples is with your 
fingers 
Looking into the sun can never hurt your eyes 
A good way to treat frostbite is to rub the frostbitten part with 
snow f 
Most illnesses are caused by constipation... 
All persons would be healthier if they ate “only raw food 
Fat people can feel quite sure that they will never get tuber- 
culosis 
Eating little or no breakfast is a good health habit for all people... 
The best place for shelter, during a thunderstorm, is under a tree.... 
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TABLE 3 
Variations of the “True” and “‘Sometimes True” Responses of Fifth- and Sixth-Grade Children 
to Certain Moderately Harmful Health and Safety Misconceptions 





Percentage Frequency 
of Responses 


Moderately Harmful ~ Grade ics Grade 6 





Health and Safety Misconceptions | Tand ST | Tand ST 
: sod 
(1) 

Brushing your teeth every day is a sure way of stopping decay 
Most fat people are happy and jolly 
Nose drops will cure a cold which is causing a stuffy nose....... 
Any person who feels all right is sure to be in good health.. 
Taking vitamin pills will guarantee you good health 
Wearing bathing hats or ear plugs while swimming will give a 
person complete protection for his ears 
All persons should use nose drops and mouth washes daily when 
they have a cold 
There are some pills that people can take which will prevent the 


GIO RIE | aencceceveisrcccepscnenercseonmesessnscummemnnets iccnadebastaciiaieuundinauenaeiennn 
Wearing sunglasses will give your eyes complete protection from 








Most persons who look thin are certain to be underweight and in 
poor health. 

Taking vitmain pills is the best way to get your necessary vitamins.. 
The use of skin lotions is a healthful way to make any skin 
beautiful 

It is necessary to go to a doctor only when you feel sick 

Wearing eyeglasses will always make a person’s eyes stronger 
Everyone who has weak feet should wear arch supports to 
strengthen them 

If your eyes do not hurt, you can be sure they are healthy 

You can be sure anything a scientist says about health is true...... 
Bad breath can be stopped for good by using special mouth washes.. 
Most colds can be cured by taking vitamin pills 

Pain near the heart is generally a sign of heart disease 

Any food that smells and tastes good is safe to eat 

Sugar diabetes is caused by eating too much sugar 

A daily bowel movement is always necessary s0 & person can 
stay healthy 

The use of tooth powders and pastes is sure to make a person's 
gums firm 

The use of skin creams and lotions will make any skin clear and 
healthy 
The only good way to lose weight is by exercising 
Cotton should be the first thing put on a cut to stop the bleeding.. 
Mouth washes are sure to prevent or cure diseases of the mouth 
and throat 
The only good treatment for weak arches is to have arch sup- 
ports placed in the shoes 
Expensive food is always the best food to eat 

Eating between meals causes most children to have poor health 
The vitamins in certain pills are better than the vitamins in 
natural foods 
Unlucky people are sure to fail at the new things that they try 
to do 

Any exercise is bad for persons who have heart trouble 

You can always tell if a dog is friendly by his looks 

The best medicines are the medicines that taste the worst 

A fortune teller can tell your future by looking at the lines in 
the palm of your hand 

Skipping one or two meals a day is a healthy way to get thin.... 
Some persons have the ability to tell your fortune 

A good way to help a person get rid of the hiccoughs is to 
frighten him 

Most persons need big muscles in order to be healthy. 
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Moderately Harmful 


Health and Safety Misconceptions 





(1) 





Good doctors usually advertise 

Smoking is not harmful because many doctors and athletes smoke.... 
Most colds cannot be prevented 

An all vegetable diet is the natural and best diet 

Perons who have pimples or boils usually have bad blood 

Sunburns are harmless even when they are painful 

Most cases of baldness can be cured if treated early 

Good health does not depend on what you eat 

Food that tastes good is usually bad for your health 

Nighttime is the only time that one ever needs sleep or rest 

It is always good for your health to eat overripe fruits 
Exercising regularly is a sure way to prevent disease 

Cancer is catching 

If a person wants to be strong and healthy, he should eat plenty 
of raw meat 

The best way to treat a black eye is to put a piece of raw meat 
on it 

Drinking water with your meals is always bad for your health.... 
Bananas should be kept out of a good diet because they are 
hard to digest. 

The best way to brush your teeth is Sid@WAYS...........ccccccecsecssecserseees 
Only bad smelling odors can be harmful to your health 

DAE COmmmOtee MES. TORITAGUT: 00 CBOs sss ccivcieseccccsccsiciecescesescceccsesasosccocecsooss 
All sick people should drink bottled mineral water to bring back 
their health 
Missing a bowel movement for one day is always a sign of 
constipation 

Most people who have tuberculosis were born with it 

People should use headache pills every time they have a cold 
Cheese is a bad food to eat because it is hard to digest 

The first and best thing to do in caring for a cold is to take a 
laxative 

People can never change their food likes and dislikes. 

Wanting to eat candy and sweets is always a sign that your body 
needs sugar 

A person’s health depends mostly on his Juck 

Cheese should be kept out of a good diet because it is consti- 
pating 

Eating fruits and vegetables at the same meal is a bad “health 
practice 

All vegetables and fruits should be eaten raw 

It is very hard for thin persons to keep from getting tuberculosis.... 
If you are hungry most of the time, you can be sure you have 
a tapeworm 

A cold can usually be cured by eating raw onions 

All medicines that have alcohol in them are harmful 

Adding certain bath powders to the bath is a healthful way to 
lose weight 

All children with heart murmurs are sickly 
It is generally a good idea to have a radio in your bathroom... anes 
A good health rule for all people to follow is: ‘‘Eat only the foods 
you like best” hs 

Wearing eyeglasses will always make a person's eyes weaker 

A good health rule to follow is: ‘‘Feed a cold and starve a fever”.... 
If you break a mirror you will have seven years of bad luck 
When you walk or run it is best to point your toes out toward 








A good way to treat a black eye is to press the eye with a 
knife handle er 
A good way to help digest your food is to smoke a cigarette 
after you eat 

A person’s future is determined by the star under which he is 











Percentage Frequency 
of Responses 





Grade 5 


Grade 6 





T and ST 


T and ST 





(2) 


43 
43 
41 
41 
40 
39 
88 
38 
38 
37 
37 
36 
85 





34 





33 
33 


82 
32 
31 


29 


28 
28 
28 
27 


27 
26 


26 
26 





41 
40 
42 
37 
46 
33 
40 
41 
42 
32 
81 
88 
34 


24 


40 
31 


83 
23 
26 
30 


26 


83 
29 
29 
28 


27 
28 


24 
10 


18 
24 
22 
29 
16 
25 
22 
17 
22 
28 
14 
19 
21 
15 
11 
11 
10 


10 


(3) 
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TABLE 4 


Variations of the “True’’ and “‘Sometimes True” Responses of Fifth- and Sixth-Grade Children 
to Certain Slightly Harmful Health and Safety Misconceptions 





Percentage Frequency 
of Responses 


Slightly Harmful ~ Grade 5 | Grade 6 ; 


Health and Safety Misconceptions ‘T and ST | Tand ST 








(1) (2) 
= 


To go on a diet always means to eat less food 80 | 16 
Everyone who is on a diet is trying to lose weight 86 74 
Any person who sees clearly can be sure he doesn’t need glasses.... 80 76 
The use of tooth powders or pastes will always cure a persons 
bad breath 74 | 79 
Some people are born lucky eee 71 64 
Most colds can be prevented by taking vitamin pills ee 69 | 69 
Men with large muscles are always healthier than men with small 
muscles 68 69 
Using a toothpick is the best way to get things from between | 
your teeth 67 63 
A mouth wash is healthful because it helps kill germs in the 
mouth and throat 65 | 73 
There are no living germs in pasteurized milk ees 58 57 
Anyone who keeps his skin clean will never have pimples.... ae 58 | 56 
People are born with their food likes and dislikes ae 50 51 
Persons should eat only when they feel hungry. meen | 42 
A pain in your right side usually means that you have appendi- 
citis | 49 
People should protect themselves from catching cold by gargling 
with a mouth wash 46 
Fish is a food that is very good for the brain 44 
Cutting or shaving a person's hair makes it grow faster and 
thicker 51 
Honey is a good food for sweetening sour stomach 37 
Most dogs do not remember the people who were mean to them 34 
It is a bad health habit to drink water whi'e you exercise................ 49 
Bananas should be kept out of a good diet because they make 
people fat 39 
White bread that is enriched with vitamins is a better food than 
whole wheat bread 








29 
Friday the Thirteenth is an unlucky day for most people 

Eating two or more different kinds of fruits during the same 
ES EE: CI NO agains ccncancnscsasis eccncniedinccecnonccvencidasecececes | | 29 
Swallowing the seeds of fruits generally causes appendicitis............ 34 
Persons who open umbrellas indoors will bring themselves bad | 
luck 

You will have bad Inck if a black cat crosses the path in front 
of you 
Drinking milk while you are eating fish is a bad health practice.... 
A good health rule to follow is: “Do not eat fruits that have 
been mixed with milk” 
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Time-Velocity Equations and Oxygen 
Requirements of “All-Out” and 
“Steady-Pace” Running’ 


FRANKLIN M. HENRY 
University of California 
Berkeley, California 


Abstract 


Oxygen requirement is visualized theoretically as the sum of two exponential terms— 
oxygen intake and debt—both functions of the time required for running a unit distance. 
Estimates of requirement based on world record times are consistent with this theory 
and with measured requirements at lower speeds. An equation of motion, derived from 
acceleration and fatigue factors, describes the position and speed of the runner at any 
time ¢ in either steady-pace or all-out runs. It has been verified by data on 24 track 
men and 30 inexperienced athletes who were timed with an automatic recorder on 
dashes and 300-yd. runs. The metabolic cost of running, computed from these two mathe- 
matical models, is considerably less for steady pace than for all-out or certain other coach- 
recommended velocity patterns. Percentage of time saved decreases with increased veloc- 
ity. Although this finding disagrees with previous concepts, it is explainable on theo- 
retical grounds. Tables and curves are given for simplified computation of time saved. 
Hand or foot reaction time and sprint speed are uncorrelated (r = 0.09 and 0.04). 


A. V. HILL, as early as 1927, advocated the avoidance of higher-than-average 
velocity in all runs longer than 100 yards because of the excessive metabolic 
cost of high speeds (10). About the same time, Sargent obtained oxygen 
requirement data on one runner in the speed range 5-9 yd/sec, and derived 
the well-known 3.8th power law (11). In 1950, Christensen and Hoégberg 
recommended that the middle distance runner should maintain his average 
speed and avoid “rushing” which is apt to bring into play the metabolically 
expensive lactate debt mechanism (1). Their subject, an experienced middle 
distance runner, was observed to show a loss of efficiency at the relatively 
slow velocity of 5 yds/sec. This loss was accelerating rapidly at the highest 
speed studied, 6 yds/sec, which is still a rather slow speed in track competi- 
tion (2). More recently, De Moor has given statistical evidence of the rela- 
tion between large lactate oxygen debts and reduced efficiency (3). 

Earlier articles in the present series have considered the equation of motion 
during the acceleration phase of a sprint run (9), the oxygen requirement of 
running within the velocity range 3 to 9 yds/sec (8), and application of theory 
to various types of runs (6, 7). More extensive reviews of the literature will 
be found in these articles. The study to be described is concerned with cer- 


1From the Department of Physical Education. The writer is indebted to his colleague 
Charles Keeney and to Coach Brutus Hamilton for aid in enlisting the subjects and for 
other aspects of co-operation that were important in securing the data. He is also deeply 
indebted to the men who did the running—all-out effort for 300 yards cannot be recom- 
mended as a recreational activity. 
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tain inter-relations of speed, velocity pattern and oxygen requirement, and 
extension of theory into regions that will permit practical application in 
sports activities. 


Hypotheses 


EQUATIONS OF MOTION 


Acceleration Factor. It has been established (9) that the velocity of the 
runner at any time ¢, prior to the attainment of maximum velocity v,,, is 
given by the expression 

dy/dt = vm (1 — et) (1) 
provided that he exerts himself maximally (or at least, steadily) up to the 
time of reaching top speed. It would be desirable to secure a more general 
mathematical expression of motion that would apply to the entire run, rather 
than just the initial phase. It must be recognized at the outset, however, that 
such an equation will only be applicable under specified conditions, as for 
example when constant effort is maintained throughout the run, 


Fatigue Factor. It seems not unreasonable to start with the assumption 
that physiological fatigue begins at the very instant the runner starts down 
the track. For the present purpose this phenomenon can be considered in 
very broad terms—it might result from a decline in the biochemical release 
of energy, or from the accumulation of metabolites that indirectly decrease 
muscle energy. The net effect of this fatigue will be to reduce the speed 
potentiality of the runner with the passage of time. Tentatively, this situa- 
tion can be described mathematically at any time ¢ by some constant multi- 
plied by the exponential term e~‘s', where the exponent kz is a rate coeffi- 
cient. If there is no fatigue, ke will be zero, and e~*s* = 1. If ke is large, 
the magnitude of the term is unity at zero time, but declines rapidly (at a 
decelerating rate, however) with the passage of time. 


Complete Equation. Using this exponential fatigue term to replace unity 
in the original Equation 1, we may write . 


_dy = v, (e~*t — e —hyt) (2) 


dt 


to describe the velocity of the runner. The term v, in the new equation is an 
“ideal” velocity that the runner would attain in the absence of cumulative 
fatigue; it may be defined as 


Vo = Vm/ (e~*stm — e~Ait ) (3) 
where v,, is the maximum velocity which he reaches at time t,,. The time 
tm occurs when the acceleration or rate of change in velocity 


d y —f —;, 
ee >—k,t = ot 4 
a ==U, (kye koe ) (4) 


is equal to zero. Under the conditions of the problem, this time (approxi- 
mately 6 seconds) is not particularly critical. 
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Equation 2 can be integrated by standard methods, giving 
j= oS... weer) em e—*st) — e.. Me (1 — e~4tt) (5) 
ke 
where y is the distance attained by the runner at time ¢. 

The above equations will not describe the acceleration, velocity, and posi- 
tion of a runner under any and all circumstances; it is indeed quite unreason- 
able to expect them to do so. There are however two special cases of par- 
ticular interest where it can be hoped that they will prove valid—‘“all out” 
running, where maximal effort is maintained throughout the distance, and 
“even-pace” running, where submaximal constant force is maintained. 

Oxygen Requirement. A theoretical equation for the oxygen cost of run- 
ning has been presented in an earlier paper (8). Estimation of oxygen re- 
quirement by other methods and for an extended range affords an oppor- 
tunity to test the equation. It willbe convenient to develop this aspect of 
the problem in later sections of the report; the equation and its curves are 
shown in Figure I. 


Methodology 

Subjects. Data were secured on two groups of university men. In the first, 
there were 30 students from a professional major course in the theory and 
coaching of track and field sports. While some of these men had run com- 
petitively in high school, none had college experience. The second group 
consisted of 24 varsity dash men or middle distance runners. They were 


tested in the fall, so their times were not impressive. Even so, none of the 
first group ran as fast as the average of the second and none of the second 
was as slow as the average of the first. 

Apparatus. A clap-board equipped with electrical contacts was used to 
start the run. It served to actuate one of the marking pens on a chronograph 
that could be read with an accuracy of approximately 0.01 seconds. Another 
pen was in series with contacts on the starting blocks, and also in series 
with contacts on timing gates placed at 10, 20, 40, 70 and 100 yards and 
thereafter at iptervals of 40 yards up to a distance of 300 yards. The con- 
struction of these “gates” or timing stations has been described in other 
articles (7, 9). 

Procedure. The men were tested individually, on a standard dirt track, 
with the first 140 yards on the straightaway. After a suitable warm-up, there 
was a 70-yard dash for the students and a 100-yard dash for the track squad. 
Following a rest, each man ran 300 yards with instructions to go as fast as 
possible throughout the run. A week or two later, the two runs were re- 
peated. These tests were considered as a regular laboratory exercise for the 
students. The track men were volunteers who had evidenced interest in the 
tests, which were conducted in the afternoon during work-out hours. 

Curve-Fitting. The ke coefficients have been obtained by plotting the log 
of mean velocity at each timing station against mean elapsed time, using 
semi-log graph paper. The intercept of the “decay” component with the 
zero time axis gives a value for v,, while the slope of the line serves to estab- 
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Ficure. 1 (upper). Theoretical Curve of Oxygen Requirement as a Function of Speed. 
The crosses represent direct measurement, the solid dots were computed from champion 
times using the methed of Table 3, and the open circles represent the oxygen debt com- 
ponent of the requirement estimated by that method. The straight-line function As—Ke 
is the aerobic oxygen intake; it is summated vertically with the straight-line debt func- 
tion A:i—K, to yield the curved line representing the theoretical oxygen requirement. 

Ficure II (lower). Theoretical and Observed Velocities during All-Out Running. The 
smooth curves represent the theoretical velocities; the plotted points are the velocities 
actually observed. Note that the ordinate of this figure is drawn to a logarithmic scale. 
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lish ke by using the method explained in another paper (8, p. 171). It is 
found that kg = 0.00963 for both groups, but v, is quite different—10.42 
yd/sec for the experienced runners compared with 9.22 yds/sec for the track 
and field students. The value k; = 0.76 is applicable to both groups. 
Example. To illustrate the method, consider the data on Students shown 
in Figure II and Table I. The maximum velocity v,, in the 300 yd. run 
was apparently reached somewhat beyond the 40-yd. mark; interpolation on a 
large scale graph indicates 8.67 yds/sec as the amount. At 40 yards the 
time was 5.82 sec. Assuming that the peak was reached at 6 sec, it is neces- 
sary to add 1 yd. to the 40 (i.e. 0.18 sec. at 8.67 yds/sec). Substituting in 
the formula (9, p. 413, equation 5) t — y'/v = 6.00 — 41/8.67 = 1.27. 
The reciprocal of this figure, namely 0.79, is the trial magnitude of k,. To 
obtain ko, the straight-line part of the curve in Figure II is extended left- 
ward to zero time. Because the ordinate of this graph is in log units, the 
zero intercept (9.22 yds/sec) is equal to v,. It may be seen on a larger 
scale graph that the velocity drops to half this amount in 72 sec., and kz = 
0.693/72 = 0.00963 (8, p. 171). The magnitude of k, needs some readjust- 
ment because it was derived on a single-component basis. By trial, it is 
found that the figure k; = 0.77 gives the smallest errors (see Table 2). At 
the 70 yd. mark, it is observed that t = 9.35, hence kit = 7.2 and ket = 
0.0901. Using a log table, e*:* = 1340, and e*:* = 1.0945, so the reciprocals 
(as demanded by the negative exponents) are 0.0007 and 0.914, Substituting 
these values in Equation 2 yields a 70-yd. velocity of 8.4 yds/sec compared 
with the observed figure of 8.5. Substituting in Equation 5, the computed 
distance at 9.35 sec is 70.2 yds. compared with the actual distance of 70.0 
(Table 2). Solving Equation 4 gives t,, as 5.8 sec instead of the assumed 


TABLE 1 
Observed and Predicted Distances and Curve-Constants in Dash and Longer Run 


Physical Education Students 


Separate 70 yd. run | pong 70 of 300 yd. run 


Measure (k = 0.80 v,, = 8.99) = (k = 0.80 V, = 8.67) 


| 


Time (sec.) 2. 15) 3.40) 








Nl 
5 .65| 9.04) ........ | 2. 19 
110.0 20.0 ES 0 |70.0 | 


39.8 |70.2 | 
| 


3.48 5.89) 9.88 





| 
Distance (yd.) 10.0 |20.0 |40 | 
Predicted (yd.) 10.0 01 99.7 10.0 |20.0 








Track Squad 





_Separate 100 yd. run 


“py v4 of 300 yd. run 
Measure (k = 0.79 v, = 10.13) (k 0.7 








Time (sec.) Bs 98 3. or) 5. 20 8.17) 11.22; 2.04) 





| 
| 
| 
| 
| 
| 


Distance (yd.) 10. 0 (20.0 |40.0 |70.0 {100.0 /10.0 
Predicted (yd.) | 9.9 20.0 | 0 40.1 [70.0 | 0 101.0 no | 
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6 sec, and substituting in Equation 3 also checks out, since the difference 
between the two exponentials is 0.934 for either ¢,, — 5.8 or 6.0 min., and 
9.22 yds/sec multiplied by this factor is 8.61—very close to the figure of 
8.67 for vm originally estimated from the graph. 


TABLE 2 
Observed and Predicted Distances and Velocities calculated from Observed Time Scores 


Physical Education Students v. = 9.22 yd/sec; k! = 0.77; k®? = 0.00963) 


’ | | | | 
Time | 2.19 3.48 5.82) 9.35 13.0 17.9) 23.3) 28.9 34.9 40.8 
Distance 10 |20 |40 |70 100 [140 180 220 |260 |300 
Predicted 10.0 20:1 40.2 70 0.2 |100.1/139.1 180.1 221 .5 260.5 299.0 
Std. Error | 0.15) 0.27) 0.46 1.2) 2.2 5] 2.8) 3.0 














Velocity paaekg | 5 | 8.5 | 2] 6.9] 6. 
Predicted Ba) 8 2} 6.8 6. 
‘ | 


7 
4 





Track Squad (vo = 10.42 sik sec; kt = 0.75; k®? = = OO) 





Time | 2.04 3.25) 5.38 8.44°11.6 15.9 20.5] 25.3 30.2 2 35.3 








260 (300 


Distance 10 [20 |40 70 100 140 180 |220 
220.1259 .1]2 
2.3] 


Predicted | 9.9 |20.3 |40.4 |70.7 |100.5)139 .3 180.0 


Std. Error | 0.13] 0.23] 0.46, 0.8 | 1.1) 1.6 1.9 2.6| 2.8 








Velocity | 6 | 9.8 | 
Predicted 6 | 9.7 








| 
| 





Estimation of Oxygen Requirement. It was pointed out in the other reports 
that direct information on the oxygen requirement of running at speeds of 
competitive interest is not presently available (8) and that data for veloci- 
ties above 6.5 yds/sec consist of observations on a single individual (11). 
Until direct information is available, the best that can be done is to estimate 
the requirement from world record times, assuming physiologically maxi- 
mum magnitudes of 5.5 L/min for oxygen income and 18 liters debt. Table 3 
has been prepared for this purpose. The figures are net, in that no correction 
has been made for the “pull-up” after crossing the finish line. The income 
has been computed on the basis of the formula presented in another article 
(5), thus correcting approximately for the time required for the rate of 
intake to build up to the steady-state value. A theoretical correction has also 
been applied to the velocity, in order to account for the time lost during the 
acceleration phase of the run (9). 

The 100-yard figures are shown in the table as a matter of interest, but 
are not usable because the amount of debt possible in such a short period 
(less than one circulation time) is quite uncertain, although surely less than 
the maximal value. There is also considerable uncertainty about the true 
amount of oxygen income for the 220 and 440, but the total error from this 
cause is small because most of requirement is handled by debt. It may be 
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mentioned that recent changes in record times, as for example the new figure 
of 1:48.6 for the 880, do not alter the estimations to any important degree. 
The oxygen requirements from Table 3 have been plotted as solid dots in 
Figure I. The points in this figure indicated by crosses are the oxygen re- 
quirements measured on a single subject by Sargent (11) in 1926. The 
smooth curve is a plot of the equation for oxygen requirement 
Y = AyeSsT 4 AceXst? (6) 
using the curve constants derived in the previous study, with the exception of 
a slight decrease in A; that improves the predictive accuracy of the formula 
at high speeds, This change is not sufficient to appreciably alter the curve 
published as Figure II of the other article (except at the very highest points 
where data are sparse) so that the present computations tie in rather pre- 
cisely with the known oxygen requirement at lower velocities (8). 


TABLE 3 
Oxygen Requirement of Running computed from 1952 World Records 


Assuming 18 liters maximum debt and 5.5 liters/min. maximum intake 








| 
Distance | Time | AV. v,, | Um O2 Debt Total O» Debt O: — 
(yd.) | (min:sec) | (yd/sec) | (yd/sec) (liters) ite (liters) (liters/min) 





10.87 | 12.50 | 12.6? 12.6? | 83.0? 
10. | 11.57 18.0 ; 19.7 

57 18.0 21.0 
18.0 27.3 
18.0 38.5 
18.0 40.1 
18.0 | 47. 65.7 


100 | 0:09. 
220 0:20. 
440 0:46. 
880 1:49. 
1640 | 3:43. 
1760 | 4:01. 
3520 8:40. 
Results and Discussion 
VELOCITY AND DISTANCE PREDICTIONS 
Validation of Formulae. The timing stations were not close enough to- 
gether in the first 50 yards to permit measuring the velocities in this part of 
the run. Using the mid-points of the other stations as reference points, the 
velocities have been measured and compared with the values computed from 
the formula. It may be seen in Figure II that the speed pattern follows the 
trend of the theoretical curve, the low points at 18 and 21 seconds presum- 
ably representing the consequence of rounding the track curve which was 
entered at the distance 140 yards. There is a definite tendency for the 
velocity near the end of the run to be somewhat higher than predicted. This 
may be a typical “end-spurt” of psychogenic origin or it may mean that the 
runners are approaching a steady-state asymptotic velocity that could be 
maiptained indefinitely. The experiment would have to be repeated using a 
longer distance in order to clear up this point. A more exacting check is 
obtained by substituting the curve constants in Formula 4, thus comparing 
the theoretical and observed distances at the observed times at every station 
(Table 2). The standard errors have been computed by converting the time 
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deviations into equivalent distances on the basis of the velocity at each sta- 
tion. It can be seen by inspection that the sampling errors are larger than 
the errors of prediction, 

Variation of Velocity as a Function of Distance. Since Equation 2 (veloc- 
ity) and Equation 5 (distance) are comparable exponential functions in- 
volving the variable time ¢, it follows that velocity is linearly related to dis- 
tance at any time ¢ after peak velocity is attained (see Equation 4). In other 
words, the drop-off in velocity is constant for each unit of distance. Using 
the experimentally determined k’s and substituting appropriate values of v, 
to secure the desired race times, it can be shown that the “all-out” run has 
the same velocity profile as the plan recently recommended by Doherty for 
the 440 yard event (4). His 880 yard plan has a similar pattern, but with 
somewhat less drop-off, corresponding to kz — 0.0013. For purposes of com- 
putation, it is mathematically more convenient to handle the velocity profile 
as a function of elapsed time rather than distance. 

Maximal vs. Sub-Maximal Effort. Even though the men were instructed to 
run with maximal speed throughout the run, it cannot be assumed that they 
did so. For this reason, it is of interest to examine the separate 70 and 100 
yard dashes in comparison with the corresponding parts of the 300 yard 
runs, It is necessary to use the simple one-component method (Formula 2 
of reference 9), namely 


¥ = Um (t — 1/k e~* — 1/k) (7) 


because the k, component cannot be determined in the separate short sprints. 
The curve coefficients have been computed and are given in Table 1. The 
time scores under the two conditions show that the longer run was done at 
somewhat less than maximal effort. Nevertheless, the formula is applicable 
for both conditions. The maximum velocity v,, varies in proportion to the 
speed of the run, whereas the k’s are unaltered, and moreover are almost 
identical in the two different groups covering a velocity range of 16.5 per 
cent. This confirms the previous report that fast and slow runners do not 
differ with respect to their k; coefficients (9). 

Even though unrelated to speed at distances of 70 or 100 yards, the k’s 
exhibit individual differences. The test-retest correlation is r — 0.66 for the 
sprint, and 0.42 for the longer run—somewhat less than the figure of r = 
0.75 found in the previous study (using a more adequate method with tim- 
ing stations at 5-yard intervals) but statistically significant without question. 
The v,, data are confirmed almost exactly—8.99 yds/sec for the students (in 
the separate sprint) compared with 8.9 in the other reporf, and r = 0.93 
(students) or 0.87 (track-squad) compared with the reported v,, reliability 
of r= 0.91 (9). 

Steady Pace Running. It should be noted that the /; coefficients obtained 
by the simple formula are 4.6 per cent larger than when the same data are 
fitted with the two component system. This is an inevitable mathematical 
result of the slight increase in curvature resulting from the influence of 
the second component, and is of no theoretical consequence, The rather re- 
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markable stability of k; over a considerable range of vm values justifies the 
use of Formula 7 and derived expressions such as Formula 1 as equations 
of motion for steady-paced running. (It will be recalled that the relations of 
these simpler formulae to the mathematical description of “all-out” running 
were developed in the introduction.) The preceding section has established 
the validity of the equations for the acceleration phase of the run, and they 
are necessarily accurate thereafter if a constant velocity is maintained. 

Comparative Efficiency of Running “All-Out” or “Steady Pace.” Using the 
oxygen requirement data of Figure I and the appropriate equations of mo- 
tion, it is a straightforward (although tedious) process to compute the 
requirement for successive short periods of elapsed time and summate them 
to estimate the amount of oxygen required for a run of specified speed and 
velocity profile. In the comparisons that will be made, the steady-pace pro- 
file has been modified to provide that the runner will, during the last 20 
yards of the race, decelerate from the standard velocity to the same terminal 
velocity at the finish line that characterizes “all-out” running and the Doherty- 
type plan. This provision equates the runs with respect to total elapsed time, 
and also with respect to residual energy as estimated by final velocity at the 
tape. The first 214 seconds of the runs have also been equated to avoid any 
controversy as to uncertainties concerning the oxygen requirement of this 
part of the race. 

Two examples have been worked out. In the first, the Doherty-plan 440, 
run in 46 seconds (4), is found to involve a peak velocity v, of 11.40 
yds/sec and a terminal velocity of 7.91 yds/sec, with an oxygen cost of 25.30 
liters. For the same race time, the steady-pace profile reaches a v» of 9.90 
yds/sec and requires 24.87 liters of oxygen. Using a method that will be 
illustrated in the next section, it can be shown that with the oxygen cost of 
both plans equated at 25.30 liters, the steady-pace method would result in 
0.2 seconds faster time. Thus there is no serious physiological objection to 
the Doherty plan for the 440 when run this fast, and no reason to deny the 
other advantages that have led him to, advocate it. 

In the second example, a Doherty-plan 880 would be run in 1:50 with v,, 
at 8.60 yds/sec, a terminal velocity of 7.51 yds/sec, and 26.275 liters of 
oxygen used. The steady-pace plan would have v», = 8.01 and require only 
25.00 liters. With equated oxygen cost, the steady-pace profile would save 
1.65 seconds. It is surprising that the 440, run at a considerably higher 
velocity than the 880, has a smaller per cent advantage in time for the steady- 
pace profile than the half mile. The reason for this result will be explained 
below. It would seem, in the light of this example, that there is a strong 
physiological reason for objecting to variable pace in the 880, 

Influence of Velocity on Advantage of Steady-Pace. Figure III, relating 
oxygen requirement to velocity using linear co-ordinates, shows a decided 
“knee” or region of maximum curvature. (This knee is even more striking 
when requirement is plotted against time per unit distance, i.e. the reciprocal 
of velocity.) At velocities well below or well above the knee, a specified 
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change in velocity does not greatly influence the efficiency of running. In 
contrast (for velocities within the knee and more particularly just at its great- 
est curvature) the oxygen cost of running a specified amount slower than 
some reference speed does not greatly decrease, whereas the same amount of 
velocity change in the direction of increased speed results in a dispropor- 
tionately large increase in cost. A variable pace is therefore much less effi- 
cient than a steady pace. 
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Ficure III (left). Oxygen Requirement vs. Velocity. This is an arithmetic plot of the 
data of Figure I. 

Ficure IV (right). Efficiency vs. Speed Variation. The curves show the gain in effi- 
ciency as a function of the amount of variation in pace, for several speeds. 


The consequence of variable-pace running can be visualized by computing 
the influence of a standard per cent change in speed for a series of velocities, 
stating the results as per cent time saved by the steady-pace profile. The 
method of doing this can best be explained by an example. In one minute, 
a distance of exactly 360 yards would be covered by running steady-pace at 
6.00 yds/sec. The same distance would be covered by running a half-minute 
at 6.6 yds/sec at a cost of 3.500 liters of oxygen and a half-minute at 
5.4 yds/sec at a cost of 2.315 liters. With a + 10-per-cent variation in 
pace, the cost per minute is therefore 5.815 liters. It would be possible to 
run the 360 yards at 6.26 yds/sec in 57.5 seconds at a cost of 6.085 L/min 
or 5.83 liters for the elapsed time—but this turns out to be somewhat too fast 
and too costly. For a second try, the 360 yards could be run in 57.8 seconds 
at a speed of 6.23 yds/sec and a cost of 6.00 L/min or 5.78 liters for the 
exact distance—slightly too slow. By interpolation, it is seen that a speed 
of 6.25 yds/sec should be correct. At this speed the distance can be run in 
57.6 seconds at a cost of 6:055 L/min or 5.815 liters for the 360 yards. Thus 
the oxygen cost is exactly the same to run this distance in 60.0 seconds at a 
speed of 6.0 yds/sec + 10 per cent or in 57.6 seconds at a steady pace of 
6.25 yds/sec, and the time saved by the latter profile is 2.4/60 or 4.0 per cent. 

Table 4, computed by the above method, shows that the greatest increase 
in efficiency due to steady-pace running is in the anticipated region of speed, 
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namely 7 to 8 yds/sec. The region of greatest time saved is considerably 
lower, namely 5 to 6 yds/sec. No doubt this depression of the optimium 
region is caused by the successively lower efficiency of running that becomes 
increasingly and rapidly evident as velocity is increased—the oxygen saved 
by steady-paced running is of progressively less value because any gain in 
speed is increasingly costly. 


TABLE 4 


Time Saved by Running Steady-Pace, using the Same Oxygen Requirement as Running 
Irregularly with + 10-per-cent Variation in Speed 





Steady Irregular Increase Possible 
O2 Cost O: Cost in O: Cost Velocity 
(L/min) (L/min) (per cent) (yd/sec) 


Average 
Velocity 
(yd/sec) 





0 70.6 73 .6 4.2 12.2 
59.7 62.6 ll. 
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Using the same method, the family of curves in Figure IV has been com- 
puted to show the amount of gain in efficiency by running steady pace, as a 
function of the amount of irregularity in velocity pattern. Since the curves 
are concave upward, the larger degrees of irregularity cause a relatively 
greater amount of gain. A corresponding family of curves (not shown) 
giving amount of time saved as a function of linear (rather than per cent) 
changes in velocity, is found to be quite similar to the curve-family illus- 
trated. It should be a simple matter, with the aid of Figure IV and Table 3, 
to estimate the quantitative influence of variable pace in practical problems. 
The loss of efficiency is greatest at high speeds, but the loss in efficiency due to 
irregular pace is greatest at low speeds (except that the trend reverses at 
extremely low speeds). The distance runs are therefore more sensitive to 
pacing for two reasons: The effect is greater for runs of this type, and it 
cumulates for a longer period of time. Nevertheless, the effect is large enough 
to justify consideration in half-mile runs, and even for the quarter when run 
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at typical high school (as contrasted with national record) velocities. It 
must be recognized, of course, that other factors in addition to physiological 
efficiency are involved in competitive running (4). 

Previous analyses of the greater efficiency of steady-pace running made by 
the writer and by others (6) have assumed the validity of the empirical 
“power law” 

O. Requirement = Cv*® (8) 
widely printed in text books, This mathematical expression is characterized 
by greater curvature for low velocities and a less well defined “knee” than 
the function employed for the present calculations. The formula used for 
Figure I was developed from a theoretical analysis of the directly measured 
oxygen requirement of running at various speeds (8), and the knee of the 
curve as well as its lower limb were established by those data without refer- 
ence to estimations based on world record performances as used in the present 
study. 

Confirmation of Oxygen Requirement Theory. Figure I is a magnified and 
left-ward extended version of Figure II of the earlier study on oxygen 
requirement (8), using the same mathematical function with the relatively 
minor readjustment of the A,K, intercept as mentioned in a previous section. 
The fact that the curve fits the points computed from record times justifies 
considerable respect for the formula. A more valid confirmation may be 
secured by computing (from Table 3) the amount of the oxygen requirement 


that is composed of oxygen debt. The A,K; component was derived hypo- 
thetically as representing this factor whereas the A2K2 component represented 
the aerobic factor (8, p. 170). It may be seen in Figure I that the debt 
factor (plotted by open circles) does indeed tend to fall on the 4,K; com- 
ponent. This is a finding of considerable interest with respect to explaining 
the inefficiency of fast running (see for example references 1, 2, and 3) .? 


Some uncertainty is of course still present concerning the exact magnitude 
of the curve coefficients, and will remain until adequate direct information 
on oxygen requirement is available at the higher velocities. It should be 
mentioned that a direct resolution of the 42K2 component will probably never 
be experimentally possible at the higher velocities because of technical diffi- 
culties arising from the necessarily short period of observation. As mentioned 
earlier, the aerobic intake rate must decline if there is insufficient time for 
the oxidative process to build up (5). 


2It must be realized that the inefficiency probably has several causes. For example, 
when muscular work was done at two speeds of movement on the bicycle ergometer, 
with the load adjusted so that the metabolic cost was the same in both cases, the mechani- 
cal efficiency of the faster movement was considerably less (Henry, F. M., Janice De 
Moor and I. R. Trafton, Research Quarterly 22: 324-333, 1951). Computations of gross 
efficiency based on the data of E. Asmussen (Acta Physiol. Skand. 28: 364-382, 1953), 
indicate however that this effect is largest for light work loads and probably less im- 
portant for the current problem. 
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Empirical Formulae for Oxygen Requirement. In the previous study (8), 
two empirical formulae were presented for the purpose of computing oxygen 
requirement from speed, and speed from oxygen available. While valid for 
the purpose when used within the original velocity range, neither of these 
formulae can be successfully extended to the higher velocities considered in 
the present paper. This is typical of the limitations of empirical methods. 


Reaction Time 

Type of Data. The 24 varsity runners were given 50 trials with each hand, 
and 50 with each foot, reacting to a sound stimulus. These scores were cor- 
related with the average of the two 100-yd.-dash runs. It should be noted that 
there were reliable individual differences in sprint time (r = 0.91, S.D. = 
0.56 sec.) 

Absence of Correlation. Using the pooled hand reactions, the correlation 
with sprint time is r = —0.094. Using the foot reactions, it is r = 0.038. 
This finding agrees with a number of studies (6, and 9, p. 419, as well as 
others from this laboratory). It can be concluded unequivocally that, at this 
university, there is no relationship between speed of motion and speed of 
reaction in sprinters or in nominally “unselected” groups. There remains the 
possibility that sprinters, as a group, may have somewhat faster average re- 
action times than certain other selected groups of athletes. 


Summary and Conclusions 

An equation of motion for all-out running was derived by postulating an 
exponential fatigue factor that subtractively reduces the steady-state asymptote 
of a previously validated equation describing velocity and distance during 
the acceleration phase of a run. It was found that the distance reached at any 
particular time ¢ after the start of a 300-yard all-out run could be predicted 
within 1-per-cent error by this equation of motion. 

Data from a group of 24 varsity runners yielded k, and ke coefficients 
numerically the same as from data on 30 physical education major students 
inexperienced in running. The 16-per-cent differential in running time be- 
tween the two groups must therefore be attributed to differences in the 
velocity factor v,. Individuals of both groups were also tested in a short 
dash (70 or 100 yards), which was run somewhat faster than the correspond- 
ing part of the longer distance. Since the k, coefficients were unaltered by 
speed in this situation also, it was concluded that they could be used in the 
equation of motion for steady-pace running. For this type of velocity pattern, 
the coefficient kz becomes zero. 

In order to examine the practical consequences of running steady-pace 
compared with the declining velocity pattern currently advocated by some 
experts, or with other variable-pace race patterns, it was necessary to extend 
oxygen requirements theory to velocities for which no direct data were avail- 
able. Computed requirements based on world record race times and physio- 
logically reasonable magnitudes of maximal oxygen debt and intake were 
found to be consistent with a previously derived mathematical statement of 
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the theory. Particular importance was attached to the close agreement be- 
tween the magnitude of the oxygen debt component as a function of speed 
as computed by this method and as predicted by theory. This result sug- 
gested that the inefficiency of running at fast speeds is to a considerable 
extent a result of the increasingly large component of anaerobic metabolism. 


The relatively greater physiological economy of steady-pace running, as 
estimated by this theory, is highest for velocities within the range of 7 to 
8 yds/sec but still quite evident at 9 or 9.5 yds/sec. The maximum amount 
of time that can be saved, however, is in the velocity region 5 to 6 yds/sec 
and declines progressively at higher velocities. This difference is a result of 
the rapidly increasing oxygen cost of increasing velocity, causing the oxygen 
dividend of steady-pace running to be of progressively less value in permit- 
ting greater speed, 

Nevertheless, the advantage of the steady pace is theoretically large enough 
to be considered of practical importance for distances as short as the half 
mile. For example, a 1:50 half, if run according to a recommended variable- 
pace plan, would cost 26 liters of oxygen—sufficient to run the distance in 
1:48.3 by the steady-pace method. A roughly similar amount of time would 
be saved in a typical high school 440, but an Olympic record time for the 
latter distance would be improved only about 0.2 seconds. Tables and curves 
are given to simplify application of the theory to other specific practical 
situations. 

The varsity runners were tested as to speed of hand reaction and foot 
reaction to a sound stimulus. In agreement with several other recent studies, 
the correlation between reaction time and sprint speed was found to approxi- 
mate zero. ; 
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Abstract 

Six test movements appraising strength and flexibility of trunk and leg muscles were 
given to 4264 American and 2870 European children from comparable urban and suburban 
communities. 57.9% of the Americans failed and 8.7% of the Europeans. The poor 
American showing can be explained by our high degree of mechanization obviating much 
physical activity. Since previous studies have shown that these tests represent minimum 
muscular fitness, and that falling below these levels predisposes to orthopedic and emo- 
tional difficulties, it is urged that the physical activities of our children be increased and 
that muscle tests be given at regular intervals, and made a part of the child’s complete 
school record, to assure at least these minimum standards for our children. 


THE CONNECTION between good posture and health has for many years 
been an established part of physical education and health education. In the 


last decades, the concept of posture has shifted more and more from merely 
structural to a functional one as well. The interest in posture has gained added 
impetus because of the attention paid to flexibility in the present day treat- 
ment of poliomyelitis. 

Studies on the subject were published by A. D. Gurewitsch and Margaret A. 
O’Neill in 1944 (4) and by H. O. Kendall and Florence P. Kendall in 1948 
(5). 

In 1945 Hans Kraus and S. Eisenmenger-Weber reported a follow-up study 
on 200 posture cases (school children) who had been patients at the posture 
clinic of Columbia Presbyterian Medical Center (12, 13, 14). 

The results reported in the above three papers were evaluated, not only by 
structural measurements, but by functional measurements as well. These 
functional measurements included strength tests for trunk muscles and flexi- 
bility tests for trunk and hamstring muscles. 

The key tests were adopted as basic tests in a Low Back Clinic which was 
organized by Dr. Barbara Stimson at Columbia Presbyterian Hospital under 
the auspices of Dr. William Darrach in 1946. 

The Kraus-Weber Tests for Muscular Fitness are not designed to determine 
optimum levels of muscular fitness, but rather to determine whether or not the 
individual has sufficient strength and flexibility in the parts of the body upon 
which demands are made in normal daily living. 
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Muscular Fitness in Children 


Kraus-Weber Tests for Muscular Fitness 
(There should not be any warm-up prior to taking the tests.) 


Test 1. 
Purpose: Tests the strength of the 
abdominals and psoas. 
CH VY » a Designation: “Abdominals plus 
LY psoas” or A+. 
Position of Person Being Tested: 
Lying supine, hands behind neck. 
The examiner holds his feet down 
on the table. 
Command: “Keep your hands be- 
hind your neck and try to roll up 
into a sitting position.” 
Precaution: If the person being 
tested is unable to perform this 
movement at first try, it may be because he has not understood the di- 
rections. Help him a little and then let him try again. Watch for a “stiff back 
sit-up.” This may indicate that either he has not understood you and needs 
a further explanation with emphasis on “rolling up,” or that he has very poor 
abdominals and is doing most of the work with his psoas. 

Watch also for a twist of the upper body as he sits up. This may be due to 
unequal development of the back muscles. 
Marking: If the person being tested can- 
not raise his shoulders from the table, the 
mark is 0. If unaided, he is able to reach 
a sitting position, the mark is 10. If the 
examiner must help him halfway to the 
sitting position, the mark would be 5. 
The distance from supine to sitting is 


marked from 0 to 10. 


TEsT 2. 

Purpose: Further test for abdomi- 
nals. 

Designation: “Abdominals minus 
psoas” or A—. 

Position of Person Being Tested: 
Lying supine, hands behind neck 
and knees bent. Examiner holds his 
feet down on the table. 

Command: “Keep your hands be- 
hind your neck and try to roll up 
into a sitting position.” 
Precaution: The precautions are the 
same as for Test 1, but as Test 2 is 
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usually more difficult the tendency toward “stiff back sit up” will be even more 
pronounced and to it is added the tendency to help with one or the other elbow. 


TEsT 3. 

Purpose: Tests the strength of the psoas, and lower abdominals. 

Designation: “Psoas” or P. 

Position of Person Being Tested: Supine with hands behind neck and the legs 
extended. 

Command: “Keep your knees 


straight and lift your feet ten 
1 Cy) | inches off of the table. Keep 
' them there while I count.” The 
count is ten seconds. (Adding 
any three syllable word after 
o § each number makes the count 
fairly reliable as to time. For 
example, “One chimpanzee, two 
chimpanzee, three chimpanzee, 
etc.”’) 
Precaution: If the person tested has 
not understood your command, he 
may try to raise his chest when he 
raises his feet and will need further 
explanation. Watch for an extremely 
arched back which may indicate very 
weak abdominals or postural habits contributing to sway back or lordosis. 
Marking: Holding for ten full seconds is passing and is marked as 10. Any- 
thing less is recorded as that part of the ten seconds that was held: 4 for four 
seconds, or 7 for seven seconds, etc. 























Test 4. 
Purpose: Tests the strength of the upper back muscles. 
Designation: “Upper back” or“UB.” 
Position of Person Being Tested: 
Lying prone with a pillow under his 
abdomen, but far enough down as to 
rm a give the body the feeling of being a 
a es 2 seesaw which, if weighted at either 
end, would be able to hold the other 
end in the air. This is most easily ac- 
complished with these commands: 
Command: “Roll over onto your stomach and lift up the middle so that I can 
slide this pillow under you.” (Be sure the pillow is large enough to really sup- 
port him.) “Now, I am going to hold down your feet while you put your hands 
behind your neck and raise up your chest, head, and shoulders. Hold them up 
while I count.” The count is ten seconds. 
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Precaution: Do not let the person being tested drop his chest onto the table or 
rest his elbows. Watch for pronounced muscular development on one side of 
the spine. If this condition is present, the back should be checked from time 
to time to guard against scoliosis (curvature ofthe spine). 

Marking: Holding for ten full seconds is passing and is marked as 10. Any- 
thing less than ten seconds is recorded as that part of ten seconds that was held. 
For example, a person staying up for four seconds would get the mark of 4. 


Test 5. 
Purpose: Tests the strength of the lower back. 
Designation: “Lower back” or LB. 
Position of Person Being Tested: He 
remains prone over the pillow, but 
removes his hands from behind his 
i | neck, places them down on the table 
eo | | and rests his head on them. 
| Command: “I am going to hold your 
| chest down on the table; try to lift 
| your legs up, but do not bend your 
knees.” There may be a tendency to 
bend the knees or even to support the legs by keeping the toes on the table. It 
may be necessary to assist him to the required position. “Now, hold this posi- 
tion white I count.” The count is ten. 
Marking: Holding for ten full seconds is passing and is marked as 10. Any- 
thing less is recorded as that part of the ten seconds that was held, for example, 
four seconds would be 4. 


TEsT 6. 

Purpose: Tests the length of back and hamstring muscles. 

Designation: “Back and Hamstrings” or BH. 

Position of Person Being Tested: 
Standing erect in stocking or bare 
feet, hands at his sides. 

d. 2. Command: “Put your feet together, 
keep your knees straight, now lean 
down slowly and see how close you 
can come to touching the floor with 
your finger tips. Stay down as far as 
you can for a count of three. DO 
NOT BOUNCE. 

Precaution: Watch out for bouncing. 
The furthest point reached without bouncing and held for three counts is the 
marking point. The examiner should hold the knees of the person being tested 
in order to prevent any bend. 


Marking: Touch is designated with T. Touch is only given when the floor- 
touch is held for three counts. Less than Touch is marked by the distance in 
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inches between the floor and the finer tips. For example, a person unable to 
touch the floor by two inches would be marked, —2”. 

In the above tests, the words “upper” and “lower” are merely used to indi- 
cate test movements rather than any specific areas. 


Discussion 


Over 4,000 cases of patients with low back pain were thus evaluated. The 
people were drawn from the Low Back Clinic at Columbia Presbyterian Hos- 
pital and from the Low Back Clinic of New York University’s Institute for 
Rehabilitation and Physical Medicine, as well as from private practice. 

A high percentage of these cases (approximately 80°) (19), after thor- 
ough evaluation by a team of specialists, were found free from organic disease; 
however, this group failed to pass one or more of the above tests. When 
treated with therapeutic exercise, they improved as their test results improved. 
In an 8-year follow-up, it was found that as the patients stopped exercising. 
their tests failed and their complaints reappeared. This condition could be 
reversed by resuming either the therapeutic exercise or regular physical 
activities, but the final outcome—and the permanency of relief—ran parallel 
with the muscle status. (6, 7, 8,9). These impressions are shared by other 
authors (17, 18, 19, 20, 21). 

These tests represented minimum-fitness tests; that is, they were tests which 
indicated a level of strength and flexibility in certain key muscular groups 


below which functioning of the whole body as a healthy organism seemed to be 
endangered. Furthermore, patients whose physical fitness level fell below these 


’ 


minimum requirements appeared to be “sick people,” individuals who bore 
all the earmarks of “constant strain” (Selye, 16), and who frequently mani- 
fested signs of emotional instability. 

This fact seems quite understandable in the light of W. B. Cannon’s study 
on bodily reactions to physical threat or fear, which emphasized the necessity 
to discharge those energies accumulated as “preparation for flight or for 
flight” (1). 

When the individual is prevented from ridding himself of surplus energies, 
tension remains. This tension often results in physical discomfort. It is this 
observation which is of particular interest to those attempting to understand 
and alleviate muscular pain of obscure origin (15). 

Since the percentage of backache sufferers—as well as that of patients suffer- 
ing from other tensions syndromes—was undoubtedly very high, the question 
arose as to whether these syndromes were not the result of an imbalance: an 
imbalance caused by excessive intake of stimuli and by too little outlet, es- 
pecially too little physical outlet. If this were the case, prevention might well 
be found in an increase of physical activity (7, 10, 11). 

In a first step toward prevention of this disease, it seems logical to develop 
healthy movement habits in children, as well as attempting to develop their 
bodies above and beyond minimum standards of flexibility and strength. Chil- 
dren will not immediately feel the impact of relative muscular weakness and 
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stiffness; but as they proceed in life, and as they must draw on reserves and 
muscle potential, they shall have to fall back on what was formed during 
their early years. If high muscular standards are present in the first two 
decades of life, maintaining these standards, or regaining them later on, will 
be much easier. 

When we started to determine the muscular fitness levels of American school 
children by submitting them to the above tests, we found such a high percent- 
age of failure that we felt it necessary to make comparative studies abroad. 

The question arose in our minds whether our minimum standards were not 
too high to be met by the average school child. Over 10,000 school children 
have been tested to date both here and abroad. A report on over 4,000 Ameri- 
can children and 2,000 European children (Italian and Austrian) was pub- 
lished in the Journal of the American Association for Health-Physical Educa- 
tion-Recreation in December 1953 (11). We here submit a more complete 
study, augmented by information gained from testing 1,156 Swiss children. 

The children reported in this study were between the ages of 6 and 16 
years, and were from public school systems in suburban and small urban com- 
munities. The sizes of these cities, both European and American, were com- 
parable. Every effort was made to keep test conditions identical and to make 
the tests uniform. All the tests were made by the authors themselves and 
were completely standardized. Statistics obtained from sick or disabled 
children were excluded from the results, although all the children on hand 
were tested in order to avoid trauma to disabled individuals. 

The major difference between these two groups is the fact that European 
children do not have the “benefit” of a highly mechanized society; they do 
not use cars, school-buses, elevators, or other labor-saving devices. They must 
walk everywhere—even to school, frequently a long distance. Their recreation 
is largely based on the active use of their bodies. In this country the children 
are generally conveyed in private cars, or by bus, and they engage in recrea- 
tion as spectators rather than as participants. 


Test Results 

The following table gives the results of the tests: 

Austrian Italian Swiss American 
Number Tested 678 1036 1156 4264 
pe ee To 9.5% 8.0% 8.8% 57.9% 
Incidence of Failure —.... 9.7% 8.5% 8.9% 80.0% 

The Kendalls reported a very definite variation of results with age (5) 
and we fully agree with the authors that the ages between 10 and 13 years seem 
to be “critical” ones. We found, however, that this “critical” period was 
reached one to two years earlier in Europe. 

It is interesting to note that European figures, representing completely 
different countries, are highly similar (Figure I). As these countries are 
effectively separated by frontiers, we consider this of significance. The 
higher flexibility failure rate in Austrian and Swiss children, as compared with 
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Ficure I, Comparison of Test Failures in Different Countries. 


that in Italian children, is due partly to the fact that not much attention is paid 
to flexibility in an otherwise strict and vigorous physical education program. 
A one-sided strengthening program, disregarding flexibility and relaxation, 
could well result in shifts of these figures, 
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Findings 

Figures II and III concern the findings on the progress of muscle deficiency 
during the school years (6 to 16). 

In our efforts to determine the age at which muscle deficiency first becomes 
apparent, we were met with a distressing fact: children coming into the first 
grades of the school system are already seriously deficient. 

Furthermore, it appears that we are unable to alleviate this situation during 
the time the children are in elementary schools. They leave elementary school 
in very much the same condition as when they entered it—if anything, a little 
worse. 


Weakness as well as flexibility failures show that at no time do American 
statistics approach the fitness levels of the European (Figure IV). 


United States —— 
Austria -------- - 
Htaly-~————- 
Switzerland 


Ficure II. Percentage of Test Failures at Different Age Levels. 
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Ficure III. Incidence of Test Failures at Different Age Levels. 
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Ficure IV. Flexibility Failures and Weakness Failures at Different Age Levels (Com- 


parison of American versus Combined European Figures), 
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These figures are preliminary ones. We have started investigation of rural 
areas where the preliminary reports yield better results (32%) than those 
found in suburban and urban areas. Studies in private schools, where more 
time is given to physical education, also give better results. 

At present we are in the process of evaluating tests given to children 
diagnosed as emotionally unstable. We are trying to determine whether a 
relationship exists between their emotional condition and their physical fitness 
levels. 


Conclusions 


We have the impression that insufficient exercise may cause the dropping of 
muscular fitness levels below the minimum necessary for daily living. The 
same lack of exercise may cause inadequate outlet for nervous tension. 

Lack of sufficient exercise, therefore, constitutes a serious deficiency com- 
parable with vitamin deficiency. Prevention of this deficiency is an urgent 
need. 


Further research will be necessary to complete and broaden our preliminary 
survey, and to show the geographical incidence of under-exercise in this coun- 
try. We may well find large sections where excellent conditions of muscular 
fitness prevail, 

Some form of muscular fitness tests should be a part of every school health 
examination.! 

Our physical education is in definite need of expansion so that there can be 
active and total participation not only in high schools, but even more im- 
portant, in elementary school and pre-school groups. 
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Abstract 


This study investigated the volleyball playing ability of 806 junior high school stu- 
dents in relation to various physiological and growth factors. Statistical analysis of the 
volleyball tests showed them to be objective, reliable, and valid measures of playing 
ability. Positive correlations were found between volleyball playing ability (of both 
boys and girls) and the factors: age, height, weight, and strength. There was found to 
be a decided relationship between pubescent status and volleyball performance for both 
boys and girls. Pubescents and post-pubescents made higher scores at each age level 
than did pre-pubescents. A description of the volleyball tests is appended. 


IT WAS THE purpose of this study’ to investigate the relationship -between 
(A) the factors of chronological age, physiological age, height, weight, and 
grip strength and (B) the volleyball playing ability of junior high school 
students, as determined by a battery of tests of fundamental volleyball skills. 

It seems reasonable to believe that chronological age is related to playing 
ability, since at the junior high school period, the majority of physical skills 
do improve with age. However, physiological maturity is also an important 
factor in motor performance in adolescence and may be of greater signifi- 
cance than chronological age. Height may be of especial importance in volley- 
ball performance in relation to reaching for and controlling balls. Weight 
is quite often a component part of an individual’s strength and may play a 
part in the power of the return of the ball and of the serve. Strength, par- 
ticularly hand and forearm strength, may be important in volleyball, perhaps 
more so than in other team games since the ball must be kept in the air by 
volleying the ball with the hands. 


Review of the Literature 


VOLLEYBALL 

In an effort to determine the fundamental skills of volleyball, various. arti- 
cles and books about volleyball were studied and the frequency with which 
each different skill was suggested was tabulated. This tally of the funda- 
mental skills was done in order to establish the terminology used most fre- 


1This study was made in partial fulfillment of the requirements for the degree of 
Master of Arts in Physical Education, University of California, Berkeley, California, 1950. 
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quently by the various authors. The skills so named were the “serve”, the 
“volley” (sometimes called the overhand pass), the “spike”, and the “under- 
hand pass” (occasionally called the “back relay,” “net pass,” or “under- 
hand volley”). 

The survey reveals only four studies of test batteries which were developed 
statistically: Brady (6), Bassett, Glassow, and Locke (2), French and Coop- 
er (14), and Russell and Lange (23). 

Upon investigation of these studies, one is impressed by the fact that a 
“volleying” test has been included in each study, and that all but Brady 
included a serve test. The volley tests give consistently high coefficients of 
reliability and validity. 

PHYSICAL SIZE AND MATURITY 

Much of the existing information on human growth is based on “cross- 
sectional” data obtained on large numbers of individuals of varying ages, 
with resulting averages of height, weight, and pubescent status for boys and 
girls. A few longitudinal studies of boys and girls and their development 
have been published. 

C. W. Crampton (7) was a pioneer in noting that the occurrence of pubes- 
cence did not always coincide with a specific chronological age. His study 
was published in 1908, and the criteria he used to determine pubescent age 
in boys have been used in many studies. 

Studies on the relationship of maturation to other growth variables 


(strength, motor ability, body build, rate of growth) have been made by 
many investigators, among them: Atkinson (1), Bayley (3, 4), Bliss (5), 
Delaney (8), Dimock (9, 10), Espenschade (11, 12), Flory (13), Greulich 
(15), Jones (17, 18), Mullen (20), Nevers (21), Shuttleworth (24), and 
Wilson (25). Space does not permit a review of their findings here. 


Procedure 

In a pilot study of a battery of five volleyball skill tests administered to 
junior high school students, the test results were correlated with a composite 
rating of playing ability by two judges (physical education teachers of 
similar experience) as a criterion, and the sub-test scores were correlated 
with each other. The judges rated players independently. The tests which 
correlated highest with the criterion and lowest with the other sub-tests were 
retained. The method of scoring each test was revised on the basis of results 
in the pilot study so that there would be a wide range of scores, and the 
tests were made sufficiently difficult in order to avoid “perfect” scores. Four 
tests were retained (see Appendix, page 197). 


MEASUREMENTS AND RATINGS 

The grip-strengths of the right and left hands were determined for each 
student in the physical education classes. The elliptical hand-dynamometer, 
scaled in kilograms, was used for the test. The grip-strengths of the right 
and left hands were added to give the scores used for correlations with the 
volleyball test scores in this study. 
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The criteria recommended by Crampton (7) were used by the two boys 
physical education instructors in order to determine the pubescent status of 
each boy who took the volleyball tests. Three stages of pubescence are de- 
fined (termed P;, Pz, and Pg in this study): pre-pubescents, those boys who 
have not yet manifested any of the secondary sex characteristics; pubescents, 
those boys who have developed some hair in the pubic region; and post- 
pubescents, those boys who have kinky, pigmented hair in the pubic region. 

In order to have three classification groups of girls comparable to those 
of boys, the criteria recommended by Delaney (8) were used. On the basis 
of these criteria, girls were grouped into three phases of pubescence (termed 
P;, Po, and Ps): pre-pubescents, those girls who have not yet manifested 
any of the secondary sex characteristics (who still have slender, boyish fig- 
gures); pubescents, those girls whose breasts have begun to develop and 
whose pelvic girdles have broadened but who have not yet reached menarche; 
post-pubescents, those girls who have passed menarche. 

These rather subjective judgments were made by two instructors who made 
individual ratings of the girls and then compared their ratings. Differences 
in decisions on P; and Pp» girls were rechecked and an agreement reached 
through discussion. A further check on the reliability of this subjective judg- 
ment was made six months later by rechecking the groupings made during 
volleyball season. Many of the P» girls had by then reached menarche, many 
of the P; girls were still pre-pubescent in the development of their figures, 
thus verifying the decisions reached earlier. 

The chronological age, the height, and the weight of each student were 
recorded during the first two weeks of the study. 

SUBJECTS 

The subjects used for this study were the students enrolled in the physical 
education classes at Garfield Junior High School in Berkeley, California, 
during the fall term of 1949, All students were required to take the volley- 
ball practice and tests. Complete data were obtained on 429 girls and 377 
boys in the seventh, eighth, and ninth grades. The age range for girls was 
from 11.3 to 15.0 years; for boys, from 11.0 to 16.5 years, 
ADMINISTRATION OF TESTS 

The two women instructors and one of the men instructors administered 
the tests to all of the students. 


Discussion of Results 


OBJECTIVITY OF TESTS 

The objectivity of the tests was determined by having one class of girls 
(48 in number) tested by one teacher, then retested on the same day by a 
second teacher. The correlation coefficients of the two scores made by each 
girl on the tests are reported in Table 1. 

The serve test and the volleying test do not require the assistance of an- 
other person in executing the test and are more objective in this respect than 
are the set-up and net-pass tests. In order to minimize the subjective element 
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involved because the tests require another individual to toss the ball to the 
subject, each of these two tests was administered to every student by the 
same instructor, except as noted in the special study groups. 


RELIABILITY OF TESTS 

The reliability of the tests was determined by testing each girl in two other 
selected classes (90 in number) twice during the same physical education 
period, allowing an interval of at least ten minutes between test trials to 
prevent fatigue. The correlation coefficients of the two scores made by each 
girl on each test are lower than those obtained as measures of objectivity 
(see Table 1). This might be explained, in part, because the girls in this 
group were older and more familiar with volleyball techniques than were 
the girls in the first control group. If the older girls made a high score on 
the first trial, they did not try so hard to make a good score on the second 
test; or if they made a particularly poor score on the first trial, they were 
intent on making a high score on the retest. 


However, the reliability coefficients in this study compare very favorably 
with the average of .660 obtained by French and Cooper (14) for their four- 
test battery of volleyball skill tests, 


TABLE 1 
Coefficients of Correlation for Determining: 
- Reliability | Objectivity 











Serve... Po ee 2a 
| _eeee ee F 721 
ree re i 752 
Volley_____.. . 7 .718 


.750 


Number of girls__ = | 48 
3 | 








VALIDITY oF TESTS 

The validity of this battery of tests is indicated in two ways. The correla- 
tion of each test with the total score on the battery can be used with some 
reservation, if one allows for the fact that each test comprises part of the 
total score. The correlation coefficients of the girls’ scores are higher than 
those of the boys’ scores and indeed are extremely high (see Table 2). It 
would appear that any one of the tests for girls would be as effective as the 
entire battery in the measurement of volleyball ability. It is evident from the 
lower scores between tests and total score obtained from the boys’ data that 
no one test can predict the total accurately. Evidently the skills are more 
specific in boys than in girls, as indicated by lower interrelationship among 
the sub-tests. 

A second method of establishing the validity of the tests is that of compar- 
ing the test scores which were made by the girls who were selected to play 
on the teams representing the school in the inter-school and intra-mural 
tournaments. In each of the upper grades, the team girls made scores ap- 
proximately one standard deviation above the mean. The mean for standard 
scores is 50, and the mean for the total score on four tests is 200. The stand- 
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TABLE 2 
Correlations and Inter-correlations 
BOYS Number: 377 


Test Serve Net-Pass 











Serve __.. eS 
Set-Up .....|_ .420 
Net-Pass _.. 455 
Volley_....| 525 


ys: Ee Br | 7 
































GIRLS | Number: 429 





Test | Serve Net-Pass | Volley Ht. 


Serve ae tae Een ee .705 343 402 
Set-Up | 548 pee. .942 F z 324 
Net-Pass....|_. ‘ 712 .440 ; 372 
Volley ‘ j .963 ’ 308 


Total __ . , : : 877 530 : 563 
































ard deviation of each test was +10; the standard deviation of the total was 
+31.03. An example from the table might better show how this indicates 
the validity of tests. (The mean for each test is 50; the mean for the total 
is 200). 
L-9Girl — Serve Set-Up  Net-Pass . Volley Total 
A 63 69 64 62 258 
Many of the seventh-grade-team girls made scores well above the mean 
for the entire school, even though these girls were younger and less experi- 
enced, These facts show that the better players make better scores on the 
tests, indicating that the tests are valid measures of volleyball playing ability. 


SEX DIFFERENCES 

The mean scores and the standard deviations for the volleyball tests indi- 
cate that boys and girls make similar scores. There is, in fact, no significant 
difference in scores for any test, as indicated by very small critical ratios 
obtained in comparing the test scores of boys with the test scores of girls. 
(See Table 3). 


TABLE 3 
Critical Ratios of Test Scores 
(Boys vs. Girls) 


Serve... Se EU Ce. CY EE SRR MD CaN es REEL SN 946 
Se: tinal vciglentaensiscamiasilioasalaseiinadna iMocecesaalioh tgeclnnalbacsoceniaal skates 347 
co RE ERASE CIEE 2 5 ee 2 ESOT ESE WIN cers ks BP boemine ne eS ond Ree 171 
Volley cm sii ernie bape 1.292 


iain is ace teeeetecnce deat adesneeriniyaeepersectecesaciomtcthpepaeealoonistie 758 











In order to be significant at the .01 level, the critical ratio for this group 
would have to be 2.59; at the .05 level, 2.33, 
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GrowTH Facrors (See Table 2) 

1. The correlations between age and the various tests were very high for 
girls. This contrasts with the rather low correlations for boys. This might 
be explained in part by the requirement made by the girls’ physical education 
instructors that every girl practice and play volleyball four days a week for 
eight weeks of each year. The boys are not required to play volleyball, but 
are given a choice of activities. Those planning to try out for the teams are 
urged to play volleyball during their physical education classes, For the pur- 
pose of this study, the boys’ instructors arranged for the boys to practice 
and to take the tests for scores. Therefore, there were many boys in the 
upper grades who had had no more practice than had the younger students. 
This relative lack of practice for the boys as compared with that for the girls 
might explain the higher correlations for girls between test scores and total 
scores and the higher correlations between the tests and the factor of age, 
which in each case was markedly higher for the girls than for the boys. 

2. The factor of height for both boys and girls shows more relationship 
to the volleying test than to any of the other tests, substantiating an hypothe- 
sis that was mentioned in the introduction. 

The set-up test had the lowest correlation with height for the boys, and 
next lowest for the girls. This test demands accuracy of placement rather 
than height or strength. 

The serve test had the lowest correlation with height of any of the tests 
for girls, but the second highest for boys. Neither coefficient is high, how- 
ever. Strength appears to be slightly more important than height for the 
serve test for girls. For boys, these two factors are approximately equal in 
importance. 

3. For the boys, the correlations between weight and the various tests 
were the lowest of the factors studied. For the girls, weight is evidently more 
important than height or strength. Strength has been found to vary with 
weight (19) and it should be noted that for both boys and girls the highest 
correlations between both of these factors and the tests are with the serve, 
followed, in order, by the volley, net-pass and the set-up. The total score 
for the girls correlated highly with weight but that correlation for boys is low. 

4. The relationship between strength and the various tests was consistent, 
although low for both the boys and the girls. As mentioned above, strength 
and weight showed similar relationships with the tests for both boys and girls. 
The serve test correlated more highly with strength than did the other tests, 
which is not surprising since, by analysis, strength is essential in getting the 
ball over the net into the back of the opponents’ court for a higher score on 
the test. The total score had the highest correlation with strength and this 
fact indicates that strength is important for volleyball playing ability. 


PUBESCENCE 


The percentages within each pubescent group for each half-year interval 
and for each grade are given in Table 4, 
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TABLE 4 
Percentage of Each Pubescent Group for Each Half-Year Interval 
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Age Number: 377 Number: 429 
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Percentage of Each Pubescent Group for Each Grade in School 


Boys | Girls 
Number: 377 Number: 429 


P, Ps 
11.7 m5) 
72 5.0 
12.5 3.0 
3.2 11.3 
46 16.2 
3.2 6.5 
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The composite test score for each student was tabulated on a two-way chart 
with pubescent status (P;, Po, P3) as one variable and age as the second 
variable. The mean scores of each group were charged (Figures I and II) 
for purposes of comparison. 

It may be seen (Figure 1) that the mean test scores for the post-pubescent 
boys are higher at each age level than are the mean scores of the pubescent 
boys, and these latter are, in turn, higher at each age level than those of the 
pre-pubescent boys. It is interesting to note that the pre-pubescent boys show 
little increase in performance with age. Indeed there is an indication of less 
in score with age, in this group. Both of the other groups increase with age, 
but the. post-pubescent group shows an especially marked superiority in the 
14th year. 

The figure for girls (Figure II) indicates that the pubescent group achieved 
higher mean scores than did either the pre-pubescent or post-pubescent girls 
in the age level 12 to 13.5, after which age the more mature girls assumed 
and maintained a superiority over the less mature girls. The mean scores of 
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Ficure I. Volleyball Scores in Relation to Pubescence (Boys) 
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Ficure Il. Volleyball Scores in Relation to Pubescence (Girls) 


the pre-pubescent girls were at all ages less than the mean scores of the 
pubescent and post-pubescent girls. All groups show an early increase with 
age and in all groups the maximum increase appears to come between 12.75 
and 13.25 years. After this period, the pre-pubescents show a leveling off or 
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even a decline in scores. Peak scores for both pubescent and post-pubescents 
appear to come in the 15th year, followed by a leveling off or decline. These 
results substantiate evidence published by Espenschade (12) that girls im- 
prove in ability up to the age of 14, then tend to decline. Nielson and Cozens 
(22) also showed that girls tend to plateau, then double-back or decline in 
ability after the age of 14. 


Conclusions 

1. The volleyball tests are reasonably objective as evidenced by the corre- 
lation coefficients of the order of .7 (see Table 1). 

2. The tests are as reliable as those used by other investigators of volley- 
ball skills, Correlation coefficients of the order of .6 were obtained (see 
Table 1). 

3. The tests are valid as indicated by the correlation coefficierlts with total 
score of the order of .9 for the girls and .7 for the boys. The scores made by 
the “team” girls were approximately one standard deviation above the mean 
score, which indicates that, for girls, the tests do discriminate among players 
of varying ability. 

4. There is no significant difference between boys and girls in their 
ability at this age to perform the skills of volleyball, as evidenced by the very 
small critical ratios comparing the scores made by the boys with those made 
by the girls. 

5. Age and weight are more closely related for girls than for boys in 
performance in volleyball skills. 

6. Height is more important than the other growth factors for boys in 
relation to volleyball skill tests. 

7. For both boys and girls there is a slight positive relationship between 
strength and volleyball playing ability. 

8. A comparison of scores and pubescent status indicates that there is a 
decided relationship between these factors for junior high school boys. The 
more mature boy at each chronological age scores higher than the less 
mature boy. 

For the girls, all pubescent groups show an early increase in performance 
with age and in all groups the maximum increase appears to come between 
12.75 and 13.25 years. Peak scores for the pubescent and post-pubescent 
groups appear to come in the 14th year, followed by a decline or leveling 
off of scores. 


APPENDIX 
VOLLEYBALL TESTS 


The Serve Test 

Equipment needed: A number of properly inflated volleyballs—at least one ball for 
every ten students; standard volleyball courts, 30’ x 60’ with taut nets 7'6” high ai 
the center. 

Court markings: A chalk line parallel to and 15’ from the net, dividing the court 
into two equal halves. 
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(This test is described for right-handed players. Reverse co-ordinations for a left- 
handed player.) The subject stands outside the right rear corner of the court. He 
stands with feet together, facing the net, the ball in his left hand, his right hand under 
the left. He steps back with the right foot, bending forward at the waist, the ball 
lowered to knee height, the right hand raised backward. As he serves, the weight is 
transferred forward, the body is lifted as the right hand replaces the left under the ball 
and, with a slap, the ball is served over the net. The ball can be directed by turning 
the body so that the follow-through of the right hand is in the direction desired for the 
placement of the ball. 

Specific requirements for scoring on each trial: 

1. The serving hand must be open, so that the fingers can help direct the ball. 

2. The ball must not be tossed up by the left hand before being served. 

3. The ball must not touch the net. Trial scores 0 in this case. 

4. The server must not step on or over the back line during the serve. 
5. Balls landing in the rear section of the opponents’ court or on the chalk line score 
two points. ° 

6. Balls landing in the front section of the opposite court score one point. 

7. Ten trials shall be allowed and scores on each trial recorded. 


The Set-Up Test 

Equipment needed: A number of properly inflated volleyballs—at least one ball for 
every ten students; standard volleyball courts, 30’ x 60’ with taut nets 7'6” high at the 
center; two jumping standards, with a cross-bar or rope placed at the height of 7'6”. 

Court markings: Chalk lines 10’ from and parallel to the side lines, dividing the court 
into three equal strips. A chalk line 6’ from and parallel to the net. Each of the length- 
wise strips may be used for the test, hence three students could be tested at one time 
on one court. The jumping standards are placed on the intersections of the chalk lines, 
so that the rope or cross-bar is 6’ from and parallel to the net, and the testing area 
is 10’ wide. 

The subject stands in the rear half of one of the strips, facing the net, the cross-bar 
and front half of the strip between him and the net. The tester stands in the opponents’ 
court, near the net and the rope or cross-bar to the subject, who must set-up the ball 
in such a manner that the ball goes over the rope or cross-bar and lands in the 6’ x 10’ 
area between the rope and net. 

Specific requirements for scoring on each trial: 

1. The ball must be hit with both hands. 

2. The thumbs must be adjacent when volleying the ball. An underhand pass does 
not score. 

3. The ball cannot be held, but must be clearly batted. 

4. Balls landing in the designated area count two points. 

5. Balls touching the rope or cross-bar or any of the lines bounding the scoring 
area count one point. 

6. Ten trials shall be allowed and scores for each trial recorded. 


The Net-Pass Test 


Equipment needed: A number of properly inflated volleyballs—at least one ball for 
every ten students; standard volleyball courts, 30’ x 60’ with taut nets 7'6” high at the 
center; two jumping standards, with a cross-bar or rope placed at the height of 7'6”. 

Court markings: Chalk lines 10’ from and parallel to the side lines, dividing the court 
into three equal strips. A chalk line 6’ from and parallel to the net. Each of the length- 
wise strips may be used for the test, hence three students could be tested at one time 
on one court. The jumping standards are placed on the intersections of the chalk lines, 
so that the rope or cross-bar is 6’ from and parallel to the net. The opponents’ court 
is divided crosswise by a chalk line 15’ from and parallel to the net. 


seenpeaiaaniammameenenens an 





Volleyball Skills in Junior High School 199 


The subject stands with his back to the net in the front half of one of the three 10’ 
wide strips (between the cross-bar and the net). The tester stands in the rear half of 
the same strip, facing the subject. The tester tosses the ball over the rope or cross-bar 
in such a manner that the ball, if allowed to drop, would land in the middle of the 
6’ x 10’ rectangle in which the subject is standing. As the ball is tossed over the rope, 
the subject brings his hands together, palms upward and little fingers adjacent, and 
bats the ball back ever his own head and over the net, so that the ball will land in the 
opponents’ court. 

Specific requirements for scoring on each trial: 

1. The ball must be clearly batted, not thrown or held. 

2. Both hands must be used in batting the ball. 

3. Balls landing on the chalk line or in the rear half of the opponents’ court count 
two points. 

4. Balls landing in the front half of the opponents’ court count one point. 

5. Balls touching the net and going into the opponents’ court count according to the 
area in which they land. 

6. Ten trials shall be allowed and score for each trial recorded. 


The Volleying Test 


Equipment needed: A number of properly inflated volleyballs—at least one ball for 
every ten students; a tin strip nailed to the wall at a height of 7’6” or a chalk line 
marked on the wall at this height; a stop-watch and a whistle. 

Other markings required: A chalk line on the floor 3’ from and paralled to the 
wall. The line should be the length of the 7'6” strip or line on the wall (at least 10’). 

The subject stands behind the line 3’ from and facing the wall, holding the ball in 
one or both hands. On a signal from the tester, the subject tosses the ball against the 
wall above the 7'6” line. As the ball rebounds from the wall, the subject tries to volley 
the ball repeatedly above the line as often as possible during the 15 seconds allowed. 

Specific requirements for the test: 

1. Each time the ball is batted against the wall above the 7'6” line shall be counted. 

2. The ball should be batted with two hands, but one-handed volleys shall count. 

3. If the ball gets out of control, it must be recovered and brought back to the 3’ 
line to be started again. 

4. The subject may move as close to the wall as he feels necessary in order to volley 
the ball against the wall successfully. 

5. The score for the test shall be the number of times the ball is volleyed above the 
7'6” line during the 15 seconds. (Balls landing on the line do not score.) 
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Abstract 


Present athletic practices in stop-watch timing require the median of three watch 
times to be declared “official” time. Theoretical evidence is available that the standard 
error of the median is larger than the standard error of the mean when sampling is from 
a single, normal population. The present investigation was designed to determine if, 
under actual race conditions, the same relationship between the mean and median time 
exists. In the two independent experiments described the standard error of the median 
was observed to be larger than that of the mean. 


IN AN INTERESTING article by Henry (4), the results of an experiment in 
stop watch timing were reported. In this investigation, movement of the 
sweep-second hand of an electric clock was employed as a criterion of true 
time while a series of 150 consecutive 10-second measurements was made by 
an observer with a stop watch. The stop watch times thus obtained were 
arranged as serial triads. True time was estimated more accurately from the 
arithmetic means of a triad than from the middlemost score, mid-range, or 
by any of the several methods of discarding discrepant values. When the 
data were arranged in groups of five, the arithmetic mean again yielded more 
accurate estimates of true time than any of the other methods. 


The standard deviation of the errors (i.e., differences between true time 
and watch time) was 0.084 seconds using the means of the triads. This may 
be considered the average standard error of the mean with N=3. The mid- 
dlemost (median) scores of the triads resulted in a o of 0.112 seconds or 
1.33 oy. The ratio of the variances, 1.78, is significant at the 5-per-cent level. 


The Amateur Athletic Union, Intercollegiate Amateur Athletic Associa- 
tion of America, National Collegiate Athletic Association, and National Sec- 
tion for Girls and Women’s Sports require that the median of three times 
be declared official time in races of various kinds. One may be tempted to 
infer from the work of Henry that current practices in the handling of stop 
watch times do not produce most accurate results. A moment of reflection, 
however, reveals important differences between this laboratory experiment 


1A portion of this study appeared in a Master’s thesis by Buford Beck entitled An 
Investigation of the Validity of Certain Practices in Stop Watch Timing, Michigan 
State College, 1950. 
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and the timing of a typical track event, for example. While the results of 
Henry’s research no doubt apply when repeated measurements are taken by 
one observer (blood counts, pulse wave measurements, etc.), their direct 
application in a race such as a hundred-yard dash needs verification. 


In Henry’s study, since the stimulus for starting and stopping the watch 
was identical, a serious bias in timing errors is not expected. (There may be 
a small bias, however, due to imperfection in the mechanism of the stop 
watch.) This is not the situation when athletic events are timed, especially 
when the timers are not among the best. Previous studies (1, 2, 3, 5, 10) 
indicate that, in general, an appreciable bias does exist. This bias appears 
to be due to a combination of factors, most important of which is the delay 
in starting the watch at the beginning of the race. There is no compensatory 
delay at the end of the race since most timers apparently anticipate the 
finish. The result is to underestimate true time. 

In the laboratory experiment, inasmuch as only a single observer was em- 
ployed, sampling was from one population. In a track race, more than one 
population may be involved. It is logical that these factors may produce 
results different from those secured by Henry. It was the purpose of this 
study to observe the effects of these factors on the mean and median as 
estimates of true time in a typical track race. 


Statistical Theory 


The standard error of the median (oy) is given as 1.2533 oy in most sta- 
tistical texts. This is the limiting value, however, and applies only when 
sampling is from a single, normal population. When small samples are taken 
from a single, normal population, the sampling distribution of the median 
is also known (6, 7, 8). Several formulae have been developed for estimating 
the ova. They give approximately the same results, Hojo’s (6) are: 


omuaz= (0/\/N) (1.2533-.2653/N-0699/N2 + .0822/N3) when N is odd 
oma (o/\/N) (1.2533-.8261/N + .7826/N?-.3478/N® ++ .1304/N*) 


when N is even 


For samples of three, the oyaq is 1.1602 oy. Samples of 5 result in a og of 
1.1976 cy. In order to verify the theoretical equations, Hojo, using Tippetts 
numbers, selected 1,000 samples of 3. The standard deviation of the medians 
of these samples was 1.1321 oy which is quite close to the theoretical value 
of 1.1602 oy. 


When the parent population is not normal, somewhat different results may 
be expected. Pearson and Adyanthaya (7) determined the oyq for small sam- 
ples in terms of the oy when B2 = 1.80 (i.e., when the distribution is rectan- 
gular). For samples of 3 taken from this population, the oyq = 1.342 oy 
and for samples of 5 the oyqa = 1.464 oy. Using Tippetts numbers, these 
authors also extracted 500 samples of 5 from each of three populations having 
Bo values of 2.5, 4.122, 7.069. The standard errors of the medians were 
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1.319 oy, 1.145 oy, and 1.049 oy respectively. Apparently, the advantage 
of the mean over the median becomes less as the distribution becomes more 
leptokurtic. 

The experiment of Henry’s probably approximates the conditions for which 
these statistical formulae have been developed. The data were secured from 
a single population which very likely approached normality. The present 
experiment differed from Henry’s and conceivably from the conditions for 
which the theoretical formulae apply. 


Experiment 1 


METHOD 

An outdoor, 50-yard straightaway lane was marked off with a starting line, 
starting blocks, and an official finish line. Each runner was started with an 
open-muzzled, .22 calibre starting gun and was timed by five timers and an 
electric timing device. “True time” as recorded by the electric timing device, 
and watch times were read and recorded by a sixth observer. The timers 
were not permitted to observe the times marked by the stop watches or the 
electric timer. . 

The electric timing device? constructed for this experiment consisted of a 
starting switch operated by the muzzle blast of the starting gun, an electric 
chronometer which was activated by the action of the starting switch, and a 
properly shaded photoelectric cell unit at the finish which stopped the chro- 
nometer when the beam was broken. Inasmuch as times marked by the elec- 
tric timer were considered “true time,” an investigation was made of the 
source and magnitude of the errors contained within this system. An analysis 
of the errors due to (1) changes in the power source, (2) activation of relay 
circuits, (3) velocity of the explosive waves, (4) sensitivity of the photo- 
electric cell, and (5) position of the yarn and the photoelectric cell at the 
finish resulted in an estimated error of .04 seconds, if all errors were operat- 
ing at a maximum. The direction of the error was such as to cause the elec- 
tric chronometer times to be greater (i.e., slower) than watch times. 

The stop watches, recently calibrated, were those used in the AAU and 
NCAA sanctioned track and swimming events held at Michigan State College. 
They are, in all probability, typical of those used in the average college or 
high-school track meets. 

The timers included the assistant track coach and assistant wrestling coach 
at Michigan State College, a high-school track coach, a graduate student, and 
one of the present writers, all of whom had had considerable experience in 
timing. The timers were located on a three-step judges stand on one side 
and a natural slope on the other side of the finish line. 


2The authors wish to express their appreciation to Robert Clark, graduate student in 
electrical engineering at Michigan State College, who constructed the electric timer. 
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RESULTS 

The timing errors for each of the five timers are summarized in Table 1. 
Application of Bartlett’s test of homogeneity of variances (9, p. 249) resulted 
in a corrected chi square of 12.2 which is significant between the 1- and 2-per- 
cent levels. This indicates a significant difference among timers in the via- 
bility or spread of their errors. 


TABLE 1 
Mean, Variance, Standard Deviation and Range of Errors! for the Five Timers 
(N = 101 for each timer) 








Mean c | ; Limits 
(sec.) " (sec.) 


0079 | , | nS to 42 
0071 ; | Ste. 62 
0120 ' | =S to 4.1 
0078 j | —.3 to +.1 
0116 | ‘ | —J te +2 








1Watch time minus “true” time. 


The critical ratio technique was applied in analyzing the differences in mean 
errors among the timers. For a difference to be significant, it must be 0.027 
at the 5-per-cent level and 0.036 at the 1-per-cent level. The means of the 
errors of the five timers are therefore significantly different except possibly 
in the comparison between timers B and C. All of the means were significant- 
ly greater than zero at the 1-per-cent level. Hence, we may conclude (a) four 
and possibly five populations are being sampled and (b) there is a bias caus- 
ing watch times to be shorter than true time. The direction of the bias is in 
agreement with most previous studies (2,5). The bias probably includes the 
small error in the electric timer. 

We do not have a priori knowledge of how the sampling of several popula- 
tions affects the relationship between the standard deviation of the median 
and that of the mean when three or five timers are being used. Obviously, 
it will depend upon the particular timers employed. For example, if two 
timers were consistently close to true time and one consistently deviated to a 
considerable extent in one direction, the median would be a better estimate of 
true time. However, this is probably an unlikely occurrence. , 


In handling the data in the present experiment, ten combinations of the 
timers were formed. Each combination included 3 timers who might be con- 
sidered “official” timers. Their times on each of the 101 trials were averaged 
by taking the median and the mean.* True time was then subtracted from 
each of the averages thus obtained. The result was a distribution of errors 
of the median and a distribution of errors of the mean for each of the ten 
combinations of timers. The results are presented in Tables 2 and 3, 


8The averages were carried out only to the closest tenth of a second. Although some 
precision is lost in this manner, in most track situations with times measured in tenths, 
it serves no practical purpose to record the averages of three times in hundredths. 
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TABLE 2 
Means, Variances, and Standard Deviations of Errors Using the Median 
and Mean as Estimates of True Time 





Errors of Median Errors of Mean 


Mean (sec.) (sec.) | Mean o o 
( sec.) o o ( sec.) (sec.) ( sec.) 





—.113 .0062 079 —.119 .0060 
—.097 0055 074 —.101 0041 
—.089 0064 .080 —.088 .0056 
—.090 .0067 082 —.101 .0056 
—.086 0068 082 —.094 .0053 
—.057 .0066 081 —.069 0057 
—.102 0065 081 —.107 0059 
—.098 0069 083 —.093 .0062 
—.079 0064 .080 —.078 .0049 
—.073 .0073 085 —.082 0056 











TABLE 3 
Comparison of the Mean and Median of Watch Times as Etimates of True Time 





Difference in Variance | Ratio of Standard 2 
Mean Error Ratio Deviations 





.006 1.03 1.03 
004 | 1.34 1.16 
—.001 1.14 1.07 
011 | 1.20 1.09 
.008 1.28 | 1.12 
012 1.16 1.08 
.005 1.10 1.05 
—.005 1.11 | 1.05 
—.001 1.31 1.14 
CDE .009 1.30 1.13 
Weighted Mean .0048 1.19 1.09 








The variance ratios of Table 3 are obviously not distributed about a mean 
of 1.00 as would be the case if there were no difference in variance between 
the means and medians of three times. Three of the F-ratios have probabili- 
ties slightly over 0.05. When a single F-ratio is computed, its value has a 
probability of less than 0.01. Therefore, with these combinations of timers, 
the means of the three watch times produced a smaller variance or random 
error than when the median was so employed. The increase in o using the 
medians was 9 per cent, which is slightly smaller than the 16 per cent ex- 
pected when sampling is from a single, normal population.* This is closer to 
the theoretical value, however, than the 33 per cent secured by Henry (4), 
although the difference probably represents sampling variation. 


4Rounding off the averages reduced the advantage of the mean. When these averages 
were carried out, the increase in ¢ of the medians as compared to the means was 13.5 
per cent, 
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The variances of the averages were considerably smaller, in general, than 
the variances of the errors of the individual watch times. This, of cours*, 
is not surprising in view of the relationship between the standard deviation 
and standard error of the mean. 

Identical statistical analysis was carried out for the averages of five watch 
times. The variances of the errors were 0.0053 and 0.0037 for the medians 
and means respectively. As anticipated, these values are appreciably smaller 
than the variances of the errors of the individual times and averages of three 
watch times. The ratio of the variances for medians and means (5 watches) 
is significant between the five and one per cent levels. The corresponding 
ratio of standard deviations of the errors is 1.198, an increase in size of the 
o of the errors of the medians of 19.8 per cent as compared to the o of the 
errors of the means. This is precisely the value expected when sampling is 
from a single, normal population. 


Experiment 2 


METHOD 

Approximately two years after the first experiment was completed, an im- 
proved electronic timing unit was available. It was considered advisable to 
repeat the stop-watch study as a check on the original results. Modifications 


of the timing apparatus® included (a) greater sensitivity of the photoelectric 
cell, (b) activation of the chronometer by sound rather than air blast from 
starting gun, and (c) a change in position of the tape and photoelectric cell 
at the finish line. The computed maximum error of the new apparatus was 
less than 0.01 seconds. 

In the second experiment, the five college students who operated the stop 
watches had had no previous experience in timing races. They were squad 
leaders selected from a physical education class who were given a few minutes 
of instruction and a brief practice period. The subjects who ran the 50-yard 
races were also college men. Two subjects ran at a time, but only the lead 
runner was timed by the chronometer and stop watches. A total of 65 races 
were timed. 

The second experiment was identical with the first in all other respects. 
RESULTS 

The results were analyzed just as before and appear in the analogous Tables 
4, 5 and 6. Bartlett’s test was applied to the data in Table 4 resulting in a 
statistically significant (2% level) chi square of 11.45. This indicates that 
the variances (o*) of the timers’ errors differed significantly. 

There was also a significant difference in the mean errors of the timers at 
the 1-per-cent level in four of the ten comparisons. With each timer, the error 
was significantly different from 0, indicating the presence of a bias causing 
watch times to be shorter (faster) than true time. In the second experiment, 


5Details of this electronic timer are described in a paper being prepared for publication. 
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therefore, a significant bias in watch times was present, as well as a difference 
among timers in the magnitude of this bias and the variance of the random 
errors. This is much the same state of affairs as existed in the experiment 
with experienced timers. 

The variances of the errors were greater for the inexperienced timers of the 
second experiment. This is not surprising since the “experts” are probably 
trained to be more consistent in their attentiveness and reaction. The bias 
was generally less in the second experiment. This is explained by the im- 
proved timber which practically eliminated errors in the criterion of true 
time. 

As in the first experiment, the means of the three times resulted in smaller 
random errors than did the medians. The mean increase in size of o for 
the medians as compared to the means was approximately 17 per cent. This 
is again very close to the 16 per cent expected if sampling were from a single, 
normal population. . 

When the watch times of all five timers were averaged together, the vari- 
ance of the errors of the means was 0.0063 and for the medians, 0.0084. Cor- 
responding standard deviations were 0.0794 and 0.0916. The increase in o 
for the medians as compared to the means was 16 per cent: the theoretical 
value for a single, normal population being approximately 20 per cent. 


TABLE 4 


Mean, Variance, Standard Deviation, and Range of Errors! For the Five Watches 
(N = 65 for each watch) 





Mean 
(sec.) 


(sec.) 
Cc 


(sec.) 
oe 


Limits 
(sec.) 








—.074 
—.048 
—.134 
—.042 
—.046 





0113 
0181 
0212 
0119 
.0209 





106 
134 
145 
.109 
144 





—.4 to +.2 
—4 to +.2 
—.5 to +.2 
—3 to +.3 
—4 to +.3 





1Watch time minus “true” time. 


TABLE 5 


and Mean as Estimates of True Time 


Mean, Variance, and Standard Deviation of Errors Using the Median 





Mean 


Errors of Median 
oe 


g 


Errors of Mean 


Mean 








—.068 
—.057 
—.051 
—.069 
—.080 
—.055 
—.062 
—.058 
—.040 
—.069 


0136 
0095 
0126 
.0080 
.0102 
0077 
0104 
0141 
0104 
0092 





—.083 
—.045 
—.058 
—.078 
—.086 
—.051 
—.066 
—.080 
—.046 
—.077 


0091 
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TABLE 6 
Comparison of the Mean and Median of Watch Times as Estimates of True Time 





Difference in | Variance Ratio of Standard 


Ratio 
(g*Md + g*M) 


Deviations 
(oMd + gM) 


Mean Error 
(Md — M) 








015 1.25 | 1.12 
—.012 1.19 | 1.09 
007 | 1.91 1.38 
.009 2.50 1.57 
006 1.23 111 
—.004 0.96 0.98 
004 1.40 | 1.18 
002 1.38 | 1.18 
006 | 1.28 | 1.13 
008 1.31 1.14 
Weighted Mean | .0061 1.393 1.172 








Discussion 


It is apparent that the reduction in error variance effected by employing 
the mean of three or five stop-watch times, rather than the median is approxi- 
mately equal to that expected when sampling is from a single, normal popu- 
lation. The experimental results were surprisingly close to the theoretical 
values, despite significant differences in the individual bias and variance of 
the timers’ errors. The two independent track-timing experiments yielded 
comparable results, 


There was, however, one disturbing effect. When three timers were em- 
ployed, the medians produced a statistically significant smaller bias than the 
means. In other words, the mean error was less for the medians. Both ex- 
periments resulted in significant critical ratios; namely, 3.36 and 2.46. This 
occurred despite the greater variance for the medians. However, the differ- 
ence in mean bias for the medians and means was quite small (see Tables 3 
and 6). When five watches were averaged, the mean bias for the medians 
and means was not significantly different. 


An inspection of the distribution of medians and means showed a slight 
negative skewness for the medians which was present in both experiments. 
However, there was no statistical evidence that the distributions of the 
medians and means differed significantly. This smaller mean bias for the 
medians needs further study. 

Although the results of our investigation and also that of Henry’s (4) leads 
one to believe the mean rather than the median of watch times should be 
declared official time, the advantage is quite small. It is very doubtful whether 
the additional labor involved in computing the mean is justified under most 
circumstances. 

There have been other instances of the application of questionable tech- 
niques in averaging scores in sports. For example, in a recent “Big Ten” 
championship gymnastics meet, the two extreme scores of the five judges 
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were discarded and the sum of the remaining three constituted a participant’s 
official score. This was done to avoid individual prejudices, but the advis- 
ability of discarding these extreme scores is questionable. Probably a better 
plan would be to include all five in computing the official score. 


Summary 


Present practices in stop-watch timing require the median of three watch 
times to be declared “official” time. Theoretical evidence is available that 
the standard error of the median is larger than the standard error of the 
mean when sampling is from a single, normal population. The relationship 
between the standard error of the mean and standard error of the median 
may be expressed as follows: 


oMd = 1.160 for N= 3 


~ oM 
oMd = 1.198 for N=5 


<7 
An investigation was designed to determine if, under actual race condi- 

tions, the same relationship between the mean and median time exists. Two 
independent experiments yielded the following results, which are close to the 
theoretical values. 

oMd =1.09 and 1.17 for N=3 

oM 

oMd =1.20 and 1.16 for N=5 

oM 


REFERENCES 


. AspraAHAM, H., “The Answer Is in the Negative,” Amateur Athlete, 22:8-9+-, 1951. 
2. Cureton, T. K. and D. E. Cor, “An Aanalysis of Errors in Stop Watch Timing,” 

Research Quarterly, 4:94-109, 1933. 

. Ferrer, C. H., “A New Way of Splitting Seconds,” Bell Telephone Quarterly, 
11:293-300, 1932. 

. Henry, F. M., “The Loss of Precision from Discarding Discrepent Data,” Research 
Quarterly, 21:145-52, 1950. 

. HensHet, H. B., “Science Backs Harassed Officials,” Amateur Athlete, 24:10-+-, 
1953. 

. Hoyo, T., “Distribution of the Median, Quartiles and Interquartile Distance in 
Samples from a Normal Population,” Biometrika, 23:316-60, 1931. 

. Pearson, E. S. and N. K. ApyantnayA, “The Distribution of Frequency Constants 
in Small Samples from Symmetrical Population,” ibid., 20a:356-60, 1928. 

. Pearson, K., “Appendix to a Paper by Professor Tokishige Hojo,” ibid., 23:361-4, 
1931. 

. Snepecor, G. W., Statistical Methods. Ames, Iowa: The Iowa State College Press, 


1946, p. 485. 
. Warren, Ray, “Bulova Phototimer Sustains Officials,” Amateur Athlete, 22:16-7, 


1951. 
(Submitted 8-5-53) 





Acute Effects of Smoking on Physical 
Endurance and Resting Circulation’ 


PAUL A. PARKER 
University of California 
Berkeley, California 
Abstract 


The influence of smoking a cigarette or “pseudo-cigarette” on endurance times for a 
step test to exhaustion was compared for 19 male college students, using a balanced 
test-retest procedure. Blood pressures and pulse rates were markedly increased by 
smoking, but individuals classified as “tobacco-sensitive” by this test showed no greater 
change in endurance than “non-sensitives.” The endurance of the total group was not 
significantly influenced by smoking. The pattern of cardiovascular changes caused by 
smoking were similar to the changes reported for epinephrine, suggesting that the total 
effect is vasodilation, which over-rides the cutaneous vasoconstriction. 


IN RECENT YEARS there has been a revival of interest in the acute effects 
of tobacco smoking on physical performances and their related physiological 
processes. Disagreement of results has been the rule rather than the excep- 
tion, particularly in large muscle activities. Karpovich and Hale, using a 
heavily loaded bicycle ergometer, reported a differential effect of smoking 
upon endurance, as eight of his subjects were not and five were affected by 
smoking (9). Henry and Fitzhenry, using a lighter ergometer workload, 
found no effect on oxygen intake or debt, or the rate of oxygen debt payoff 
(6). Juurup and Muido found no effect of smoking upon the oxygen intake 
with a heavier work load (8). Reeves and Morehouse, using a step-up exer- 
cise, found that smoking had no significant effect upon endurance, as well 
as no effect upon tests of speed, strength, or agility. 

These negative findings are opposed by such studies as Cureton’s, who 
found non-smokers to be superior to smokers in swimming (1). Also 
Steinhaus and Grunderman report a distinct superiority of non-smokers over 
smokers in cross country running (15). Dawson, however, points out that 
opposite results have occurred with marathon runners (2). 

Many studies exist on the cardiovascular response to smoking; the con- 
sensus of these appears to be that smoking causes an immediate increase in 
systolic and diastolic blood pressures, and an increase in pulse rate, coupled 
with a peripheral vasoconstriction. Schilpp (13) has reviewed studies on 
these effects recently, particularly as they relate to heart rate and exercise. 


1From the research laboratories of the Department of Physical Education, University 
of California, Berkeley. The writer is indebted to Dr. Franklin M. Henry for advice 
and help during the course of this investigation. The writer of this article wishes to 
state that the results of this research have no bearing whatsoever on the question of 
whether the continued use of cigarettes is harmful or non-harmful. 
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Since smoking effects may possible be influenced by the factors of prejudice 
or suggestion, it appears justifiable to view with some askance the studies 
that have neglected adequate control measures in this respect. This approach 
is even more necessary after the findings of Karpovich and Pestrocov, who 
showed the necessity of controlling these factors in studies concerned with 
the influence of ergogenic aids on exercises of an endurance nature (10). 

Since some of the work loads used in previous studies may have been in- 
sufficient to reveal detrimental effects of smoking upon endurance, it seems 
desirable to conduct an investigation using a maximal large-muscle exercise. 
Another interesting possibility is to follow up the concept of Karpovich and 
Hale that some individuals are tobacco-sensitive, classifying them on the 
basis of their cardiovascular response to smoking. These individuals should 
be the ones to experience the greatest decrease in endurance as a result of 
smoking. A subsidiary problem concerns the interpretation of calculations 
in the resting circulation as revealed by pulse rate and blood pressure 
changes. Henry (4) has recently investigated this problem with respect to 
the theoretical changes produced by athletic conditioning; it should be of 
value to determine whether the impact of smoking on the resting circulation 
is consistent with his theory. 


Method and Procedure 


Nineteen male college students were used in the investigation. The age 
range of the subjects was from 19 to 25 years; the mean age was 22.2 years. 
Twelve were regular smokers, seven were non-smokers. All of the subjects 
were volunteers, either physical education majors or individuals who were 
actively participating in physical activity classes. Their willingness to work 
to exhaustion is shown by the fact that the average amount of work done by 
the subjects was 154,556 foot-pounds. Previous to this investigation, the 
greatest amount of work reported in smoking experimentation was 48,928 
foot-pounds (9). 

The experimental design involved a balanced test-retest procedure. The 
experiment was divided into three phases: a resting phase, a smoking or 
pseudo-smoking (control) phase, and an exercise phase. Half of the subjects 
smoked on their first test and half did the control experiment in their first 
test; this was determined by random assignment. External factors, such as 
pre-test activity and food ingestion, were controlled insofar as possible. Test- 
retest time, room temperature, instructions, etc., were also standardized 
Blood pressure and pulse rate determinations were taken during the resting 
phase and continued at two-minute intervals during the smoking or control 
phases. During the rest period, the use of the exercise equipment was ex- 
plained and demonstrated, and information was given to the subject con- 
cerning the procedure of the test. The smoking or pseudo-smoking phase was 
started when resting level cardiovascular measurements were consistent. 

The smoking phase consisted of smoking one king-size cigarette down to 
three-eighths of an inch, or smoking from a hot air device that imitated a 
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cigarette. Both the smoking and control periods were accomplished on a 
time schedule with the subject inhaling once every 20 seconds upon com- 
mand. The time schedule allowed some degree of standardization for the 
amount of smoke ingested during the smoking period, and helped consider- 
ably in heightening the deceptive aspects of the apparatus used to simulate 
a cigarette. 

The metronome, used to maintain a steady exercise rate, was then started, 
and the subject was given a brief standardized “pep talk” before starting the 
exercise. As a last bit of motivation, the subject was told that a blood pressure 
check would be taken at the end of the exercise, and that this post-exercise 
measure would indicate whether or not he had given an extended endurance 
effort. The exercise was essentially the same as that used by Taylor in his 
test of exercise tolerance (16), that is, a two-count step-up exercise. The 
subjects stepped up on an eighteen-inch stool to a standing position at the 
rate of 46 steps per minute. They used a horizontal stall bar, placed 6 feet 
from the floor, to help in stepping up. One complete step consisted of using 
the right arm and right leg (or left arm and leg) to ascend the stool to a 
full vertical position, and then back down. The pack technique developed 
by Taylor was not used however, as in the experience of Henry? the addition 
of ten-pound weight increments does not noticeably improve the endpoint of 
the exercise, and could exert a variable psychological effect upon different 
subjects. Furthermore, since the subjects exercised in cadence with a metro- 
nome, it was readily apparent when each subject was becoming exhausted. 
The subject continued the exercise until exhausted, with no limit on the 
number of beats he missed. The missed beats were recorded and subtracted 
from the subject’s total time. 

Apparatus. The hot air device used to simulate a cigarette was developed 
after considerable preliminary experimentation. It consisted of a 660-watt 
electric heater element, mounted inside an asbestos-covered coffee can. Hot 
air from this unit was sucked in by the subject through a short length of 
pyrex tubing, then rubber tubing. A wooden mouthpiece, bored with a #57 
drill hole, was attached to the rubber tubing. This combination approxi- 
mated the suction resistance of a cigarette. It was necessary to keep the 
tubing short in length so that the air was still quite hot when it reached the 
subject’s mouth. He could only see the outside of the box containing the 
unit, the rubber tubing, and the mouthpiece. For smoking cigarettes, an 
identical external tube arrangement and mouthpiece came out of the box: 
inside, however, it was connected to a cigarette holder. 

As with other control devices in smoking experimentation (7), it was 
necessary to blindfold and place a nose clip on the subjects, since with the 
olfactory and optic senses excluded the problem of imitating cigarette smok- 
ing is greatly simplified. The nose clip and blindfold were also worn for 
cigarette smoking, and the subjects were misled into thinking they were 


2F, M. Henry. Personal communication. 
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comparing two kinds of cigarettes. The device was successful, although its 
effectiveness appeared to depend to a considerable degree upon suggestions; 
the subjects were deceived by false impressions as well as the degree to which 
the device imitated a cigarette. 


Results and Discussion 


Endurance. A comparison of the effect of smoking upon endurance, by 
use of the ¢-ratio method of determining significance, was made between 
control and endurance times. The total mean difference between the smoking 
and control tests was 1.13 minutes, the endurance being less under the smok- 
ing conditions. The standard error of this difference was 1.05, which with 
18 degrees of freedom, gave a ¢ ratio of 1.07, a value that is far too small 
to be significant at the 5-per-cent level of confidence. The results make un- 
tenable the hypothesis that the immediate effects of smoking have a detri- 
mental effect upon maximal performance. Since the control of major vari- 
ables was greater than would be found in a real life endurance situation, the 
chances are almost nil that smoking a cigarette just before an athletic event 
has any important effect of “cutting the wind”, i.e., of decreasing large- 
muscle endurance. 

In order to determine to what extent a practice effect was present during 
the endurance retest, the first test endurance times were compared with the 
second test times. The t-ratio value was found to be 1.75, which is below 
the 5-per-cent level of confidence, indicating that no significant practice 
effect occurred during the retest. In fact, the subjects were quite consistent 
in their test-retest endurance times, as a Pearson product-moment method of 
correlation gave r = .882. 

To ascertain whether or not smoking had a detrimental effect upon the 
tobacco-sensitive subjects (i.e., the subjects who showed a relatively greater 
heart response to smoking), the group was divided on the basis of their heart 
rate response to smoking. The endurance times of the smoking and control 
tests of the half of the subjects with the greater pulse rate increase from 
smoking were compared. The t-ratio value was found to be 0.76. The half 
of the group with the smaller pulse rate increase were also compared in a 
similar manner and the ¢ value was found to be 0.80. Neither of these values 
was significant at the 5-per-cent level of confidence. A comparison between 
the amount of change in endurance in the first (greater pulse rate increase) 
group with the amount of change in the second (lesser pulse rate increase) 
group was found to be t = 0.35. Again this value is not significant, indi- 
cating that tobacco sensitivity is not significantly related to the effect of 
smoking on endurance. A further check of this finding was made by cor- 
relating the heart rate changes from smoking with the endurance times 
changes from smoking for all subjects. This value was found to be r = 0.154, 
which is not significantly different from zero. We therefore have no evidence 
in this study that tobacco sensitive individuals have a greater change in 
endurance due to smoking than non-sensitive individuals. 
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In view of the completely negative results to this point, there seemed to be 
no reason for further analyzing the data on effects of smoking upon endurance. 

Cardiovascular Changes. To investigate the problem of the relative sensi- 
tivity of various cardiovascular measures to the effects of smoking, ¢ ratios 
were first calculated for the effects of smoking on these measures. The results 
are shown in Table 1. As may be noted, all of these measures show sig- 
nificant increases at better than the l-per-cent level of confidence; these 
results agree with other studies on the effects of smoking upon the cardio- 
vascular system. A comparison between the resting and pseudo-smoking 
periods did not reveal any changes that were significant at the 5-per-cent 
level of confidence, indicating that the control device did not produce any 
important physiological effects and may be considered successful in this 
respect. These results are shown in Table 2. The nearly significant drop in 
diastolic pressure is in the direction expected, since the control device de- 
livered hot air, and could have some vasodilatory influence. 

Interpretation of Cardiovascular Changes. Previous investigations by 
Short and Johnson have demonstrated a remarkable parallelism between the 


TABLE 1 


Changes in Cardiovascular Measures due to Smoking 





Means Changes due Standard Error t 
Measure i 


Pre-Smoking to Smoking of the Diff. , Ratio 





Pulse Rate 69.67 17.49 ; | 5.73 
Systolic B.P. 122.85 9.67 : | 5.34 
Diastolic B.P. 75.98 es | : 3.49 
Nean B.P. 99.31 ‘ 7.47 j 4.75 
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TABLE 2 
Changes in Cardiovascular Measures due to “Smoking” Hot Air 





Means | Changes due Standard Error t 


| Pre-Smoking | to Smoking | of the Diff. Ratio 
Pulse Rate | 69.34 | 1.19 1.11 1,07 

| 

i 


Measure 





| 
| 


Systolic B.P. —1.52 1.35 1.12 
Diastolic B.P. 
Mean B.P. 


1.00 1.99 
__ 1.0 0.23 








effect of epinephrine (adrenaline) injections and tobacco smoking (14). 
Measurements of skin temperatures, oral temperatures, blood pressure, pulse 
rate, and blood sugar during both smoking and epinephrine tests displayed 
such similarity that the investigators concluded that the characteristic physio- 
logical effects of smoking are due to the increased output of epinephrine. 
Ralston et al. have pointed out that although epinephrine causes cutaneous 
vasoconstriction, the total vascular effect is known to be vasodilation and 
increased cardiac output (11). They have shown that evidence of this 
dilation can be seen in the cardiovascular dynamics when the blood pressure 
and heart rate changes are interpreted by the E/W method of interpreting 
cardiovascular measurements. (E/W is the ratio of arterial elasticity to peri- 
pheral resistence) (11). Henry has recently expanded this method, and has 
shown the importance of two other cardiovascular calculations that can be 
obtained from the heart rate and blood pressure measurements (4). These 
are EV,, defined as the product of the arterial volume-elasticity coefficient E 
and the stroke volume of the heart V,, and WV,, defined as the product of 
the vascular resistance coefficient W and the stroke volume. 

The essence of the Henry study, as it applies to the present one, is that 
even though the stroke volume is not measured, the pattern of changes in 
the various blood pressures and EV,, WV, and E/W are uniquely different 
depending on what changes have occurred in stroke volume, heart rate, 
arterial elasticity, and vascular resistance. He has prepared a table to show 
several possible patterns and has demonstrated that the cardiovascular effects 
of athletic training fit in with one specific pattern. Similarly, the cardio- 
vascular changes due to smoking also fit one specific pattern, as will be 
shown. Thus it is possible to substitute observed cardiovascular values (i.e., 
blood pressure and pulse rate) in the specific “smoking pattern” of cardio- 
vascular response and estimate changes in other important circulatory func- 
tions that are not directly available (i.e., V., W, and E). 

The pattern of changes due to smoking has been determined for observed 
and estimated values using the Henry method of cardiovascular analysis, 
and may be seen in Table 3. Changes in volume-elasticity (E) must be 
excluded as a possibility, since, being anatomical, they would require weeks 
or months. They could not occur within the 7-minute smoking period. If 
the value of E is assumed to be 1.20 (see Henry’s Table 4) and the known 
pulse rate values are transposed into beats per second (R), and E is con- 
sidered constant, then the changes in stroke volume and other important 
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measures may be derived algebraically. These values, computed from the 
formulae given by Henry (4), are shown in Table 4, Of particular interest 
are the values for V,, which show an increase in stroke volume. It does not 
seem to be possible to account for the observed blood pressure and pulse 
rate changes without postulating an increase in stroke volume. Previous 
assumptions have been that stroke volume decreases upon smoking (3, 13). 
TABLE 3 
Changes in the Cardiovascular System due to Smoking i 
~~ Measure — Ps Pd | Pm es WV, | E/W 


See 
| 





| 94.2 | 85.6 
| 
| 


Pre-smoking | 1229 
Seven minutes 
after smoking | 132.5 | 81.1 | 106.8 51.4 
| 





75.8 | 99.4 47.1 


73.5 
Changes due 
tosmoking | , ae ee 








7.4 4.3 86 '—12.1 





TABLE 4 
Calculated Physiological Changes due to Smoking 
Pe : = v3 
Measure (beats /sec.) E WwW | E/W | (cc/beat) 


| 
| 
1.161 1.200 | 1090 | 1.101 78.5 








| 
Before smoking 
After smoking | 1.453 1.200 0.887 | 1.345 85.6 
Changes due | | 


to smoking 





0.292 0.000 0203 | 0235 | 71 





Also of significance is the fact that a considerable decrease in vascular 
resistance occurs as a result of smoking in spite of cutaneous vasoconstric- 
tion. This same pattern of changes is revealed as a result of epinephrine, 
by calculations from the figures given by Ralston et al (11) for the cardio. 
vascular effects of this drug. The results therefore support the conclusions 
of Short and Johnson as to the “epinephrine effect” of smoking. 

Since a variety of cardiovascular measures were available as indicators of 
the physiological effect of smoking, calculations were made in order to 
determine what particular measure would yield the most sensitive test of the 
effects of smoking. Making use of the ¢ ratio in the manner developed by 
Henry and Berg (5), it was found that the observed, rather than estimated. 
cardiovascular measures gave the best test for sensitivity to smoking. The 
most sensitive indicators were the pulse rate (¢ = 5.73) and the systolic 
blood pressure (tf = 5.34), as may be seen in Table 1. 


Summary and Conclusions 

Using a step test exercise to exhaustion, 19 male subjects of college age 
were tested for endurance time following a smoking period and again fol- 
lowing a period of “smoking” a hot air device, using a balanced test-retest 
procedure. Records of the pre-smoking and smoking pulse rates and blood 
pressure were taken for the test and retest. From the results of the study it 
may be concluded: 

1. The acute effects of smoking one cigarette show no statistically sig- 
nificant deleterious effect upon endurance as measured by a maximal step test. 
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2. Smoking one cigarette produces a significant increase in the pulse rate, 
systolic blood pressure, and diastolic blood pressure. 

3. The most consistent index of the immediate physiological effects of 
smoking is the pulse rate increase. 

4. Defining tobacco sensitivity as an above-average increase in heart rate 
due to smoking, the endurance of tobacco-sensitive individuals is no more 
influenced by smoking than is the endurance of less sensitive individuals. 

5. The total vascular response to smoking is one of dilation, rather than 
constriction. This effect is similar to that of epinephrine injections, including 
a probable increase of stroke volume of the heart. 

6. Subjects tested by use of a maximal endurance test of the step-up type 
display a high reliability of performance (r = .882). 
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An Inexpensive Gravity Reaction Time 
Device 
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Abstract 

This article describes a simple and inexpensive hand reaction time device which should 
help meet the needs of institutions with limited research budgets. A detailed description 
of construction procedures and use of the device is presented. 


ONE NOTICEABLE trend in experimental research in physical education has 
involved the use of increasingly complex apparatus. Although this complica- 
tion of apparatus has served to facilitate and broaden our experimental pro- 
cedures, it has also increased enormously the cost of experimentation. This 
factor of cost has acted not only as a deterrent to the establishment of experi- 
mental laboratories in departments of physical education, but it appears to 
have left many young professional workers with the impression that most 
experimental work is necessarily an expensive business. But the establishment 
of a laboratory and the conduct of experimental research need not be exces- 


sively expensive. With a little ingenuity and a few simple tools, it is possible 
to construct many inexpensive pieces of apparatus which are completely 
adequate for a variety of experimental problems. 

It is the purpose of this paper to describe a simple and inexpensive gravity 
device for the measurement of hand reaction time. The construction require- 
ments are so elementary that the device can be duplicated by anyone whose 
talents include the operation of a saw and drill. 


Principle and Description of Apparatus 


The operation of a gravity reaction time device is based upon the fact 
that a body falling under the force of gravity moves with constant accelera- 
tion. Using this fact, reaction time can be measured under two conditions: 
(1) having the subject stop a falling body, or (2) having the subject move 
away from the path of a falling body. 

The first procedure has been used in at least two reaction time studies 
(1, 2). In each case, the device used was a form of Atwood’s machine in 
which a counter weight served to reduce the velocity of a falling body. With 
this device, the subject was simply required to stop the falling weight. The 
subject’s reaction time was determined by the distance the weight fell before 
being stopped. 

The second procedure does not appear to have been commonly used to 
measure reaction time. This is rather surprising because the apparatus re- 
quirements are much simpler than in the first procedure. All that is needed 
is a method whereby the reacting body part can be moved closer to or farther 
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away from the starting point of a falling body. To measure hand reaction 
time, for example, it is only necessary that a method be available for deter- 
mining how close a subject can bring his hand to the starting point of a 
falling body without being struck by the falling body. Having found this 
distance, the hand reaction time is determined by the formula t = \/d/4g, 
where ¢ = reaction time, d = distance of hand in centimeters from the start- 
ing point of the falling body, and g = 980 centimeters. 


A device constructed for the measurement of reaction time by this pro- 
cedure is illustrated in Figure I. Briefly, the device consisted of a 30 x 23 x 
}-inch wooden base upon which a ? x 4-inch angle iron framework was 
mounted. The framework consisted of two 24-inch vertical bars, a horizontal 
bar mounted across the top of the vertical bars, and two angle supports. A 
12 x 6 x ;y-inch metal plate was mounted flush with the bottom of the 
horizontal bar. At the back and bottom of the plate, a 32-inch length of 
14-inch diameter tubing was located. Screws projecting to the back of the 
vertical bars served as supports for the hand rest, which consisted of a 
29 x 4 x 4-inch metal bar. The arrangement was such that the hand rest 
could be raised or lowered at will. 























HAND REST 
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Ficure I. Diagram of Gravity Reaction Time Device 
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To obtain a device which would measure reaction time over a range of 
.15 to .30 seconds and in .01 second intervals, it was necessary to locate the 
screw supports along the vertical bars so that the hand rest would be adjust- 
able over specified distances from the bottom of the metal plate. These 
distances were determined by the general formula d= 4gt?, where d = 
the distance a freely falling body drops, g = 980 centimeters, and t = the 
time of drop. Table 1 summarizes the various distances at which the hand 
rest could be located from the bottom of the plate and the corresponding 
reaction time measures. The distances presented in Table I include an 
allowance of 1 centimeter for the fact that a subject must place his fingers 
on top of the hand rest. 


Application of Apparatus 


To measure hand reaction time, the subject is seated before the apparatus 
with the fingers of one hand resting on the hand rest and directly below the 
tube. The height of the chair should be adjusted so that the subject can 
sight directly across the bottom of the plate and tube. Upon the completion 
of these adjustments, the experimenter stands to one side of the apparatus 
and places his hand behind the plate, which serves as a shield. With his 
hand in position, the experimenter holds a small object—a marble, a small 
rubber ball, etc.—in the tube and just above the subject’s line of vision. 
After the presentation of a suitable preparatory signal, the experimenter 
releases the object. The subject, upon seeing the falling object, attempts to 
avoid being struck by withdrawing his hand from the hand rest. The subject’s 
reaction time is determined by the distance he can bring his resting hand to 
the bottom of the plate without being struck (Table 1). 


TABLE 1 
Distance of Hand Rest from Starting Point of Falling Body and Corresponding 
; Time Measure 





Distance Reaction time | Distance Reaction time 
(in em.) | (in sec.) | (in em.) | (in sec.) 


12.0 | : 26.9 
13.5 : 29.2 
15.2 : 31.6 | 
16.9 34.1 
18.7 36.7 | 
20.6 ; 39.4 
22.6 r 42.2 
24.7 | 45.1 | 











Since the gravity reaction time device involves a starting postion and a type 
of hand movement which varies markedly from those used with the conven- 
tional reaction time device, a preliminary comparative study was undertaken. 


1The conventional reaction time device includes a Standard Electric Clock which meas- 
ures time in hundredths of a second, a light stimulus, and a telegraph key or similar 
device for operation by the subject. 
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In this investigation, the reaction times of 25 physical education majors at 
Indiana University were taken with each device. 

In measuring reaction time with the gravity device, the hand rest was 
started. from the lowest position and progressively moved upward. The sub- 
ject was given five trials at each hand rest position. The level at which the 
subject’s hand was struck at least four times determined his reaction time. 
Reaction time measures with the conventional device were based upon an 
average of 25 trials. In both procedures, the subject was permitted to prac- 
tice until it became evident that he understood the task required of him. 

Table 2 summarizes the reaction times obtained with each device. The 
slight difference between the two values was not statistically significant. The 
correlation between the two reaction time measures was found to be .842. 
In view of the fact that test-retest measures with the conventional reaction 
time device on these same subjects gave correlations ranging from .853 to 
.870, it would appear that the reaction times obtained with the gravity device 
are comparable to those obtained with the conventional device. 


TABLE 2 
Comparison of Reaction Time with Gravity and Conventional Reaction Time Device 





Points of Comparison Gravity Device Conventional Device 





Mean (sec.) 200 
Standard Deviation (sec.) 





Cost of Apparatus 

The total cost of materials for the gravity reaction time device was approxi- 
mately $6.00. It is to be emphasized, however, that the selection of materials 
described was simply a matter of using whatever was conveniently at hand. 
Actually, there is no reason why the framework and plate could not be con- 
structed of wood. This would undoubtedly reduce the cost of material as 
quoted above. 


REFERENCES 


l. Burpee, R. H. anp W. Stroitt, Measuring Reaction Time of Athletes, Research 
Quarterly, 7: 110-118 (1936). 

2. Exper, E. R., A study of response time before and after strenuous exercise, Research 
Quarterly, 11: 86-95 (1940). 


(Submitted 8-23-53) 





A Study of Tests of Kinesthesis : 


VERNON R. WIEBE 
Tabor College 


Hillsboro, Kansas 


Abstract 


Twenty-one tests of kinesthesis were administered to 15 college varsity men and 15 
college men who had never lettered in high school or college varsity sports. Test 
reliabilities, validities, and interrelationships were first determined. “t” ratios were com- 
puted to determine the statistical significance of the obtained differences between varsity 
and non-varsity men. Fifteen of the tests have reliability coefficients which would rec- 
ommend them as useful testing instruments. There was a kinesthetic difference in favor 
of the varsity men. 


KINESTHESIS (Gr. to move + perception) is the position sense. Its re- 
ceptors are located in the muscles, tendons, and joints. Through it the indi- 
vidual perceives bodily tensions and movements on the basis of what he is 
doing or in terms of their relation to some contemplated mode of behavior. 
Adequate stimulus for its receptors is the mechanical pressure and state of 
strain in the muscles, tendons, and joints resulting from bodily tensions 
brought about by bodily position. 


The relationship of kinesthesis to physical education is pointed out in the 
following six statements. The first three statements are presented by the 
writer on logical and experimental grounds alone. The last three represent 
classical experimentation in the area of kinesthesis. Kinesthesis, then, is 
related to physical education because: 


1. The “position sense,” kinesthesis, is the sense of the material with 
which physical education principally concerns itself (i.e., the use of muscles 
in performing motor activities). 

2. The functions ascribed to kinesthesis—co-ordination of body move- 
ments, development of skills, locomotion, posture, body control, manipulation, 
balance, and appreciation of weights and forces—are important elements in 
the teaching of physical skills. 

3. The components ascribed to kinesthesis—perception of movement, ten- 
sion or resistance, position, space perception, balance, relaxation, and effort 
—are familiar and oft-used concepts in physical education. 

4. McCloy (12), in a preliminary study of the factors of motor educabil- 
ity, determined kinesthesis to be one of these factors. 

5. Bass (2), in an analysis of the components of tests of semi-circular 
canal function and static and dynamic balance, found the second factor to 
be kinesthesis, as well as finding a loading of this factor in almost all of 
her proposed balance tests. 


1This study was made in partial fulfillment of the requirements for Masters’ degree 
at the State University of Iowa, 1951. 
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Balance has been generally considered as an element of motor skill or as a funda- 
mental skill in the field of physical education. The emphasis which the Swedish balance 
beams received in former time, the place held by dancing at present, and recent studies 
in motor skills are evidence of this. (2, p. 33) 

6. Phillips (15), in the introduction to his study of the relationship be- 
tween certain phases of kinesthesis and performance during the early stages 
of acquiring two perceptuo-motor skills, says: 

Coachs and psychologists seem uniformly to agree, principally on @ priori grounds, 
that efficient kinesthesis is essential to refined motor performance. Although not as 
conclusively as might be expected, studies do indicate a tendency for the more skilled 
performer of a specific manual task to test higher on traditional kinesthetic tests than 
does the less skilled individual. (15, p. 571) 


The Two Problems 


Thirteen tests of kinesthesis were selected from nearly one hundred pro- 
posed tests suggested by 24 experimenters (1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 
15, 16, 17, 18, 19, 20, 21, 22, 23). These were selected on the basis of sim- 
plicity and promise. Eight others were constructed by the investigator, using 
ideas presented in the literature. 

The first problem involved an investigation of the tests themselves, deter- 
mining test reliabilities, validities, and interrelationships. The second prob- 
lem involved an investigation of the relationships between the tests considered 


statistically adequate and athletic ability. Finally, a short predictive battery 
was perfected. 


Review of Literature 

Lepley (10) found reliability coefficients of .28 to .77, determined by the 
average intercorrelation among the separate trials permitted on each test. 
Fisher (5) reports reliability coefficients of .57 to .93 determined by corre- 
lating the odd numbered trials with the even numbered trials of each test, 
and correcting it by the Spearman-Brown Prophecy Formula. Young (23) 
obtained reliability coefficients of .73 to .93 using this same method. Phillips 
(15) used the test-retest method and found reliability coefficients of .59 to 
.84 on five tests, but found his other five tests to have reliabilities too low 
for further use. 

Young (23) reports validity coefficients of .037 to .869 between each test 
and composite score of 18 tests. 

Fisher (5), Phillips (15), and Young (23) report low intercorrelations 
among the tests they used. 

Kerr and Weinland (7) found athletes superior to non-athletes in dupli- 
cating given pressures on the back and leg and the grip dynamometers. 
Nichols (14) reports essentially a zero correlation between ability to duplicate 
a given pressure on the grip dynamometer and the subject’s best score for 
18 holes of golf. Taylor (18) found a low but positive relationship between 
kinesthesis and success as a basketball player. 

Young (23) found that three of her tests correlated .984 with the composite 
score of her 18 tests and could be used as a predictive battery. 
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Procedure 

1. A battery of 21 tests of kinesthesis was formulated. Thirteen of these 
tests were taken from other studies, eight were constructed by the writer. 

2. Thirty men students from the State University of Iowa were selected 
as subjects. Group A consisted of 15 varsity lettermen” selected by their 
varsity coaches as the best all-around athletes on their teams, Group B con- 
sisted of 15 men from the required physical education classes who had not 
earned a varsity letter in high school or college. 

3. A preliminary study to gain proficiency in the techniques of adminis- 
tration was conducted. After this experience, the tests were revised into 
the final battery as it appears in this paper. 

4. Each subject was tested individually by the writer. 

5. The tests were first checked for reliability. This was done by correlat- 
ing the scores of the two odd-numbered trials against the two even-numbered 
trials. (The total of the first three trials was later used as the final score.) 
These coefficients were corrected with the Spearman-Brown Prophecy For- 
mula to secure an estimate of the reliability of the whole test. The tests which 
had a reliability coefficient of .70 were used in further computations. 

6. Validity of the tests are computed by correlating the tests with the 
composite T-scores of the tests of kinesthesis which met the criterion of re- 
liability. While the composite score criterion is certainly not infallible, it 
may be assumed that it offers one measure of kinesthesis since it is based 
on the scores of individual tests which were set up to measure kinesthesis in 
the terms of the definition of kinesthesis used in this study. 

7. Intercorrelations were computed to determine the degree of relationship 
between the tests. 

8. Kinesthetic difference between athletes and non-athletes were determind 
by computing the ¢ statistic and from this finding the significance of the 
difference between the group means. 

9. A short predictive battery was perfected by determining the best com- 
bination of four or less tests using the multiple correlation technique. A 
multiple regression formula was computed from the best combination of tests. 


Analysis of Data 


Table 1 shows the reliability coefficients and Spearman-Brown Prophecy 
Formula corrections for each of the tests, Fifteen of the tests meet our cri- 
terion of reliability. 

Table 2 shows the validity coefficients for each of the retained tests. None 
of these tests exhibits a high coefficient of correlation with the criterion. 

Table 3 shows the intercorrelations among the retained tests. All of the 
intercorrelations except three are very low. These three high intercorrela- 
tions could be due to the common movements found in each of these tests. 
2Gymnastics, 3; Swimming, 3; Track, 2; Baseball, 2; Basketball, 2; Football, 2; 
Wrestling, 1. 
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Table 4 shows the group means and levels of confidence at which the 
difference between the group means is significant. With two exceptions, 
group A is superior to group B. In those exceptions, the difference in favor 
of group B is very small. With two exceptions (tests 19 and 21), the differ- 
ences in favor of group A are significant at the ten per cent level of confidence 
or lower. 


TABLE 1] 
Reliabilities 


Test Number and Name | Alternate Halvesr | | Spearman-Brown r _ 





- Horizontal Space : 47 
Dynamometer—Duplicate 16 
Vetties! Soace. 74 
Dynamometer—Relaxation 83 
Blick Giee se 09 
Dynamometer—Half Effort 6 
Index Pingera. 47 
Arm Horizontal eee 83 
Les tee 
Separate Feet... 
Balance—Lengthwise_ 
Balance—Crosswise . 

Pee row 
Basketball Pass... 
Baseball Throw........................ 
Baseball Fielding =. | 
Pedestrial Vertical Space 
Knee Bend... 

Sargent Jump- 

Gross Movement. 

Walk Pathway 


CONIDH EWN | 











TABLE 2 
Validities 





Test Number and Name __ 








Vertical Space... 
Dynamometer—Relaxation ___. 
Arm Horizontal. 
oa Se 
Separate Feet... 
Balance—Lengthwise 
Balance—Crosswise 

Feet ae 
Basketball Pass................. 
Baseball Throw... 
Baseball Fielding 

Pedestrial Vertical Space 
Sargent Jump... 
Gross Movement 


Walk Pathway 
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TABLE 3 
Intercorrelations 


Test Number and Name| 3 4 8 9 10 11 12 18 14 15 16 





17 19 20 21 





3 Vertical Space 
4 Dynamometer— 
Relaxation 
8 Arm Horizontal | .00 .07 
9 Leg Raise iai3 29 13 
10 Separate Feet_.| .19 .28-.10 .24 
11 Balance— 
Lengthwise | .01 .20 
Balance— 
Crosswise 
Free Throw 
Basketball Pass. 
Baseball Throw__ 


74-12. -.01 


34 .28 .23-.11 .17 .60 

11 .20 41-08 .14 .29 .13 

25 .41-.00-.01 .36-.29-.06 .26 
ll .44-.10 .05-.15-.17-.06 .43 .24 


Baseball Fielding 
Pedestrial 
Vertical Space. 
Sargent Jump — 
Gross Movement 


10-31-17 .41 


~.03 .36-.03 .49 
73-48 .09 .05 
39-.13 .10 .23 


.04-.40-.20-.10 .15 .16 


.29 -.25 -.21 


16 .13 .15 .28-.12-.19 .25-.18 


13 .10 32 .2 


26 .01-.16-.15-.08 .02-.17 .13 .13 





23 .17-.18-.20 .19 .18 .36 .19 01 .21-.24 .09 .08 .22 
TABLE 4 


Differences Between Groups 


] | Level of 
| Confidence 
(per cent) 


100* 





Walk Pathway 








Mean 


2.82” 

2.78” 
28.344 Al 
37.144 
29.80° 
28.67° 
15.73° 10 
19.93° 

9.36” 10 
10.64” 


Test Number and Name Group 





| 
| 
| 


Vertical Space... A 
Dynamometer—Relaxation 
Arm Horizontal 80* 
Leg Raise 
Separate Feet__ 
11 Balance—Lengthwise_. 1 
12 Balance—Crosswise 10 
13 Free Throw 
14 Basketball Pass. 


15 Baseball Throw 











16 Baseball Fielding 

17 Pedestrial Vertical Space 
19 Sargent Jump _. 

20 Gross Movement 


21 Walk Pathway... 





Wrmrwtrnrrrrrtrwtrwrrwrrrerwrrwrwrrowrn 





*In favor af Group B. 
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Table 5 shows the multiple correlations of logical combinations as well as 
the multiple regression formula for the best combination. 


TABLE 5 
Multiple Correlations and a Simplified Formula for Predicting Kinesthesis 


Variables R 


R0,3,9,11,20 .69 0 = composite “T” score of 
R0.9,10,11,17 69 15 tests 

Ro,3,11,17,20 66 
Ro.3,10,11,20 64 Other numbers are actual test 
Ro,3,9,11 63 numbers. 

R0.9,10,17 61 
R0.3,10,11 60 
R0,9,17 55 


Kinesthesis Score = .5 (Balance Lengthwise) — (Leg Raise) — .5 (Vertical Space) — 
> (Separate Feet) +. 50 

















Conclusions 

1. Fifteen of the tests of kinesthesis have reliability coefficients which 
would recommend them as useful testing instruments. 

2. None of these exhibits a validity coefficient high enough to warrant its 
use as a single test. ’ 

3. The low intercorrelations between the tests indicates that there is no 


general kinesthetic sensitivity, but that there are probably numerous specific 
factors. 

4. There is a kinesthetic difference in favor of athletes. 

5. The best combination of tests to measure kinesthesis in college men is 
the Balance Lengthwise, Leg Raise, Vertical Space, and Separate Feet. 
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APPENDIX 


Description of Tests 


All the tests are performed without the use of the eyes.. Deviation from the preferred 
score is recorded. The score is the total of three trials. 

Test 1: Horizontal Linear Space (9). A yardstick is placed horizontally before the 
seated S. S is instructed to look at the 18-inch mark and sense its position. S is then 
blindfolded and instructed to point to the preferred position. No practice trials are 
allowed. Score is recorded to the nearest one-fourth inch. 

Test 2: Grip Dynomometer, Duplicate One-Half Total Strength. S is seated comfort- 
ably at a table. S grips a dynamometer with his dominant hand, steadying it with the 
other. S is told to grip his comfortable maximum. One-half of S’s maximum is com- 
puted and used as the preferred score. S is then blindfolded and guided to sense the 
preferred score. S then attempts to duplicate the preferred score. No practice trials are 
allowed. Score is recorded to the nearest one-half pound. 

Test 3: Vertical Linear Space (9). A yardstick is placed vertically before the seated 
S. S is instructed to look at the 16-inch mark and sense its position. S is then blind- 
folded and instructed to point to the preferred position. No practice trials are allowed. 
Score is recorded to the nearest one-fourth inch, 
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Test 4: Grip Dynamometer, Relaxation. S is instructed to apply tension “a” sensing 
this. From tension “a” he is instructed to grip tighter to tension “b.” From tension 
“b” he is instructed to relax to tension “a.” Tensions “a” and “b” are arbitrary, being 
left to the S’s discretion. Score is recorded to the nearest one-half pound. 

Test 5: Arm Kinesthetic Judgment of Size (9). S is seated before a table with the 
index fingers resting on the edge of a table. S is told to sense the length of a 12” stick. 
S is then instructed to separate his hands, stick is removed and S attempts to duplicate 
the length of the stick between his fingers. Score is recorded to the nearest one-fourth 
inch. 

Test 6: Grip Dynamometer, Half Effort. S is seated comfortably at a table. S grips 
a dynamometer with his dominant hand, steadying it with the other. S is instructed to 
exert any comfortable pressure and sense it. S is then instructed to exert one-half the 
sensed pressure. A practice trial without blindfold is allowed to familiarize the S with 
test. Score is recorded to the nearest one-half pound. 

Test 7: Arm Kinesthetic Judgment in Precision (18). S is seated at table. A T-shaped 
board is placed so that its long side is perpendicular to S’s frontal plane. A piece of 
paper is tacked on each side of the board which is perpendicular to S’s frontal plane. 
S is blindfolded and instructed to raise his elbows and bring his inked index fingertips 
together. Score is measured to the nearest one-sixteenth inch. 

Test 8: Arms Side 90° (23). S is asked to stand and instructed to raise the arm side- 
ward to the horizontal with the palm facing downward. Score is recorded in degrees. 

Test 9: On Side, Leg Raised 20°. S is asked to die on his non-dominant side. S is 
shown a stick figure drawing with its leg raised at a 20° angle. S is instructed to dupli- 
cate the angle seen. Score is recorded in degrees. 

Test 10: Pedestrial Kinesthesia of Size (18) .S is asked to stand erect with the heels 
touching. S is then instructed to separate his heels so that the inside of the heels are 
12 inches apart. Score is recorded to the nearest one-fourth inch. 

Test 11: Balance, Lengthwise (23) S is instructed to place his dominant foot length- 
wise on a balance stick, raise his left foot from the floor and see how long he can main- 
tain his balance without touching his free foot or any part of his body to the floor. 
S is given one preliminary trial and then blindfolded for the test. Score is recorded to 
the nearest one-half second. 

Test 12: Balance, Crosswise (23). S is instructed to place the ball of his dominant 
foot crosswise on a balance stick, raise the other foot from the floor and see how long 
the balance can be maintained without touching the free foot or any other part of the 
body to the floor. S is given one preliminary trial and then blindfolded for the test. 
Score is recorded to the nearest one-half second. 

Test 13: Basketball Free Throws, Duplicate. S is blindfolded and instructed to throw 
four consecutive free throws in the conventional two-handed underhand method. S is 
instructed to duplicate the first free throw (i.e., make all throws alike). Score is re- 
corded in inches. 

Test 14: Basketball Pass, 45° to Dominant Side. S’s toes are placed against a toe- 
board (base of quadrant) with his medial line at the vertex of the quadrant. S is 
instructed to attempt to pass the basketball (two-handed chest pass) 45° toward his 
dominant side. Score is recorded in degrees read from the quadrant. 

Test 15: Baseball Throw, 45° to Non-dominant Side. S’s toes are placed against a 
toeboard (base of quadrant) with his dominant shoulder joint over the vertex of the 
quadrant. S is instructed to attempt to throw the baseball (overhand) 45° toward the 
non-dominant side. Score is recorded in degrees read from the quadrant. 

Test 16: Baseball Fielding. The center of a target with eight concentric circles is 
placed on the dominant side at the belt line of the S. Pointer is fastened to S’s dominant 
hand by means of rubber bands. S is blindfolded and S is positioned so that the pointer 
touches the distal edge of the largest circle when his arm is extended. S is guided to 
sense the position of his arm when the pointer is directly in the center circle. S is then 
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instructed to assume a shortstop’s fielding position (knees slightly flexed with hands on 
knees). From the fielding position, S is instructed to become erect and touch the sensed 
position with the pointer. The smallest circle counts one point with a successive increase 
of one point for each ring. Missing the target counts nine points. 

Test 17: Pedestrial Kinesthesia of Vertical Linear Space (18). S is shown a line 
drawn 14 inches above the floor and instructed to estimate the height of the line. S is 
then blindfolded and instructed to place the bottom of his sole on the top of the line 
(i.e., step onto the “step”). Score is recorded to the nearest one-fourth inch. 

Test 18: Knee Bend (10). S is instructed to stand with his back to the Sargent Jump 
chart. Height minus ten inches is calculated as the preferred score. S is guided to 
sense the preferred score. S stands erect and then bends the knees attempting to dupli- 
cate the preferred score. Score is recorded to the nearest one-fourth inch. 

Test 19: Sargent Jump, Duplicate. S is instructed to jump four consecutive comfort- 
able heights. S is instructed to duplicate the first height (i.e., make all four jumps 
alike). Score is recorded to the nearest one-fourth inch. 

Test 20: Gross Kinesthetic Movement (18). S is told to toe a starting line. S is in- 
structed to sense the distance of an arc drawn five yards from starting line. S is blind- 
folded and instructed to toe the arc. Score is recorded in inches. 

Test 21: Walking on a Path (23). S is told to sense the direction of a path (two 
parallel lines ten inches apart and 18 feet long marked on floor). S is blindfolded and 
told to walk ten steps between the lines without touching them. Score is the number 
of steps on the line or off the path. 


(Submitted 6-12-53) 
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Rate of Learning in Relation to 
Spacing of Practice Periods 
in Archery and Badminton: 


OLIVE G. YOUNG 
University of Illinois 
Urbana, Illinois 
Abstract 

The purpose of this study was to compare the effectiveness of learning between two 
distributions of practice in archery and badminton classes. Each activity was divided 
into two groups based on the distribution of practice used. The “t” test of the signifi- 
cance of the difference between means was used to make comparisons between groups 
relative to the effectiveness of the two practice distributions of learning as measured by 
gain in selected criteria. The results seemed to indicate that more effective learning in 
archery took place under relatively massed practice while in badminton wider distribu- 

tion of practice produced more rapid learning. 


THE QUESTION OF the length and frequency of practice sessions or class 
instruction periods has long been of interest to teachers of physical educa- 
tion as it has to teachers in many other fields, Although the majority of 
experimental evidence has shown that, in general, learning is more efficient 
when practice periods are distributed rather than massed there has been very 
little research to determine what specific patterns of distribution are most 
effective in learning motor skills. 

The results of research on distributive and massed learning by such psy- 
chologists as Duncan (6), and Hilgard and co-workers (3, 4, 5, 9) have indi- 
cated that, in most learning situations, spaced practices result in more effi- 
cient or more rapid learning than massed practices. A recent study by 
Harmon and Miller (8) indicated that after initial learning has taken place 
greater spacing between practice periods produces more favorable effects on 
the learning process than continued massing of practices. Distributive prac- 
tices have generally been shown to be more effective than massed practices 
irrespective of whether the number of practices under massed and distribu- 
tive situations were equal or not. Duncan (6) found that the amount of 
learning resulting from distributive practice was as great as that resulting 
from massed practice, even though the former had less actual practice time. 

There were no studies found which used typical class learning situations as 
the basis for investigation. Would results from studies of the distribution of 
practice in learning physical education activities under class conditions fol- 
low the same pattern as the results obtained from learning in selected psy- 
chomotor skills under the more widely used and more readily controlled 


1This study was made in partial fulfillment of the requirements of the degree of Doctor 
of Philosophy in the Department of Physical Education in the Graduate College of the 
State University of Iowa, 1953. 
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laboratory conditions? With this question in mind the present study was 
undertaken. 


Statement of Problem 

The purpose of this study was to compare the rate of learning in four-day- 
a-week and two-day-a-week distributions of practice in college archery and 
badminton classes; this rate of learning was to be determined by the amount 
of gain in selected criteria. The effect of motor ability and sex on the rate 
of learning in the two practice distributions and in the two activities was 
also studied. 


Procedure 

The regular physical education classes in archery and badminton of the 
Division of Health and Physical Education of Mankato State Teachers Col- 
lege during the school year of 1951-52 were selected for this study. The 
archery classes were all taught by the writer and the badminton classes were 
all taught by one other instructor. 

All of the archery classes were taught on an indoor archery range. It was 
necessary to restrict the shooting distance; the maximum distance possible 
was 20 yards. Because of the short distance, 24-inch indoor target faces were 
used rather than the regulation 48-inch targets. Registration in each class 
was limited to 12 students, and six were assigned to each target. 

The badminton classes were all taught on the same three badminton courts 
in one gymnasium. The courts which were placed across the width of the 
gymnasium were two feet shorter than regulation, but were of regulation 
width. In the high clear test, used as one of the criteria for measuring im- 
provement, the distance from the net to the rope was reduced from 14 feet 
to 13 feet six inches. 

Because only three courts were available, the registration in the badminton 
classes was limited to 12. Plastic shuttlecocks were used in all of the classes 
participating in the study throughout the year. 

The classes used in the study were regularly scheduled physical education 
activity classes which fulfilled the college requirement for graduation and 
were open to all students, both men and women. All classes met for a 40- 
minute activity period and ordinarily were scheduled to meet two days a 
week for a 12-week quarter. For this study it was possible to make arrange- 
ments for some of the classes to meet four days a week for half of the length 
of the regular quarter. 

The classes in each activity were divided into two groups on the basis 
of the number of days a week which the class met. Group I, the two-day-a- 
week group, was made up of those classes meeting twice a week, and Group 
II, the four-day-a-week group, was composed of the classes meeting four times 
a week. It was not possible to arrange the schedule in such a way that all 
classes in Group I could meet on any two specific days, or that the Group II 
classes could all have an identical pattern. Consequently, there is some slight 
variation in the pattern of practice distribution between classes within each 
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group. The number of 40-minute class periods was the same for all groups. 

Group I in archery was. made up of four classes with a total of 35 students 
and Group II consisted of three classes and 28 students. Groups I and II in 
badminton were each composed of four classes with a total of 35 and 41 
students respectively, 

Lesson plans were made on the basis of 20 lessons, the maximum number 
possible, for both archery and badminton classes, but due to irregularities in 
the length of quarters and to vacations all classes were not able to complete 
all 20 lessons. The statistical analysis of the data gathered from the archery 
classes was based on 19 lessons, while the analysis of the data from the bad- 
minton classes was based on 16 lessons. 


As the purpose of this study was to compare the rate of gain made by the 
two-day-a-week group with that of the four-day-a-week group in both archery 
and badminton classes, the lesson plans for each activity included provisions 
for testing throughout the series of lessons. On the basis of the scores derived 
from these tests, learning curves were drawn and tests of the significance of 
the difference in improvement between Group 1 and Group II were made. 


In order to restrict the personnel of the two groups to beginners in both 
activities, each student was asked to indicate how much badminton or archery 
instruction he or she had had, or how often each had participated in the 
activity. Those who indicated class or individual instruction, or who had 
participated in the activity more than six times, were eliminated from the 


study but not from the class. The students in each class were also asked 
not to practice that particular skill outside of class during the quarter in 
which the class met. Their special co-operation was asked with respect to 
absences and, although some absences did occur, those cases were not dis- 
carded unless they exceeded four in number or included more than three 
testing periods. 

It seemed advisable to use the same battery of motor ability tests to 
equate both men and women relative to their potential ability to learn physi- 
cal education or motor skills. The Scott Motor Ability battery (14) was 
selected and administered to 265 women in the physical education activity 
classes. A modified Scott Motor Ability battery was administered to 185 
men registered in regular physical education activity classes. 

In order to use the Scott Motor Ability battery for the men as well as the 
women, it was necessary to find some means of measuring throwing ability 
for men other than the basketball throw, as the men were able to throw a 
basketball too far for indoor administration of the test. A shot-put with a 
16-lb. shot was tried first. It was found that this test was too difficult to 
administer, even with indoor facilities, and that it did not parallel closely 
enough the basketball throw. A throw using a five-pound medicine ball was 
tried and the results were found to be highly comparable to the basketball 
throw for women. A reliability coefficient of .80 was obtained for the medi- 
cine ball throw when the best two of three trials were correlated. As exten- 
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sive work had been done on the validity of this battery for women it seemed 
reasonable to assume that similar results would be found for the men. The 
medicine ball throw was therefore used instead of the basketball throw when 
the battery was given to the men. 

The motor ability battery was given to as many students as possible in 
order that T-scales might be constructed for this particular college. Each of 
the tests of the battery was T-scored separately for men and women, and 
the sum of the T-scores for the three tests was used to equate the archery 
the badminton classes. There was considerable overlap of the sum of the 
T-scores for men and women, with both men and women at the upper and 
lower limits of the total range. 

In archery a daily record was kept of the number of ends of six arrows 
which were shot, the number of arrows hitting the target (hits), and the 
score for each end (score). All classes followed exactly the same plan with 
respect to the number of ends shot each lesson. The rate of learning in 
archery was based on the shooting average, which is herein defined as the 
mean score per end per person. A second learning curve was drawn using 
the percent of hits in one day’s shooting as the basis of computing the learn- 
ing rate (see Figure I). 

In badminton three tests were selected from those described by Scott and 
French (14). These included the 30-sec. wall volley, the short serve, and 
the high clear. Because of the ease of administration and the minimum 
amount of time involved, the wall volley test was given seven times, the 
short serve test was given five times, and the high clear test, which is very 
time-consuming in administration, was given only three times during the 
series of lessons. 

In both archery and badminton, the mean gain for each group was com- 
puted, and the difference in gain between the two groups determined. Com- 
parisons were also made with respect to differences in gain made by the 
women and by the men in both groups, differences between men and women 
within groups, and between high and low motor ability both within and be- 
tween groups. 


Analysis of Data 


The 7-scores on the three motor ability tests were added and this sum 
was used to represent the motor ability score for each student. Table 1 indi- 
cates that there was no real difference in mean motor ability between the 
two groups in each activity. It also shows that there was no significant 
difference between the standard deviations of the two groups in each activity 
with respect to motor ability. The scores of all subjects in archery and 
badminton were combined into one distribution. For the purpose of this 
study, high motor ability was interpreted as all scores above 170 and low 
motor ability as all scores below 140. These two reference points were se- 
lected for classification purposes because they indicated approximately the 
75th and 25th percentiles respectively. 
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TABLE 1 
Range, Mean, and Standard Deviation of Motor Ability T-scores in 
Archery and Badminton 


Class Number | Range Mean 














Archery 
Group 1 35 111.4 155.21 
Group II 28 94.7 155.51 

Badminton 
Group 1 35 121.7 157.59 
Group II 41 94.5 157.83 
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Ficure I, Archery Learning Curves 





ARCHERY 


After each practice session, the mean score of the percentage of hits was 
determined for each individual in each class. As previously stated, the score 
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or shooting score refers to the total score for any one day divided by the 
number of ends of six arrows shot. The hits or percentage of hits was de- 
fined as the total number of hits divided by the total number of arrows shot. 

From these daily averages, learning curves indicating progress were plotted 
for the two-day-a-week group and for the four-day-a-week group for both 
scores and hits. Both the scores and hits showed a sharp rise from lesson 
four, on which day scores and hits were recorded for the first time, through 
lesson six. On lesson seven the shooting distance was changed from 15 to 
20 yards, which probably accounted for the marked drop in both scores and 
hits between lessons six and seven. From lesson seven on, the distance was 
held constant at 20 yards, except on lessons 16 and 18, when an equal num- 
ber of ends was shot from both the 20-yard and the 15-yard distances. In 
lessons ten and 14, arrows were shot from both distances, but because these 
were special novelty shoots, no scores were kept. The learning curves for 
both scores and hits made sharp rises on the days when results were recorded 


for both 15 and 20 yards. 


This rise was probably due to the greater accuracy with which the stu- 
dents shot at 15 yards. The marked drop on lesson 19 might have been due 
to the special nature of that lesson. Each student, alternating with a partner, 
shot just one arrow at a time, rather than all six consecutively. The object 
was to break balloons hung over the target. Scores were recorded, however, 
so that a mean score and percentage of hits could be determined. 


Although both groups began at nearly the same level, Group I showed a 
slightly more rapid gain between lessons four and five and between lessons 
seven and eight, but from lesson eight on Group II showed a steadier and 
more rapid improvement than did Group I. In order to determine the 
amount of gain made in learning during the term of instruction, it was neces- 
sary to have an initial and final evaluation of performance. The inital value 
for the scores was determined by obtaining the mean score per end for les- 
sons four, five, six, and seven combined. The final evaluation was obtained 
by finding the mean score per end for the combination of the last three 
lessons. This same procedure was followed to obtain initial and final per- 
centages for the hits. This procedure considered initial scores on both the 
15-yard and the 20-yard distances, as well as final scores on both distances. 
Such an average represents, in the opinion of the writer, a fairly accurate 
evaluation of initial and fina! ability in archery. 


In order to be certain that the gain between the initial and final achieve- 
ment was real and not just due to chance, the ¢ test? of the significance of 
the difference between means was made for both groups for scores and hits. 
With only one exception, the difference between initial and final scores as 
well as initial and final percent of hits, for the groups as a whole and for 
men and women separately, was significant at the l-per-cent level of confi- 
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TABLE 2 
Gain in Shooting Score and Percentage of Hits in Archery 3 
zt ~ Group 1 (two-day-a-week) Group II (four-day-a-week) 











Total Men Women 





Number 35 15 20 28 

Score 
Range 15.40 14.50 14.70 18.70 18.70 
Mean A 3.48 3.98 6.14 6.21 
SD 3.74 4.25 3.49 4,37 4.97 
t 5.89* 3.05* 4.98* 731° §.13° 

Hits 
Range 75 65 49 56 56 
Mean 9.96 4.47 13.90 18.00 16.44 
SD 13.99 14.92 11.72 14.30 15.35 
t 4.11* 1.12 5.17* 6.55* 4.41° 


*Significant at the 1% level of confidence. 














dence (Table 2). The gain in hits made by the men in Group I was not 
sufficient to be significant at the 5-per-cent level. 

Using the mean gain for each group, the ¢ test® for the significance of the 
difference of means was made. The ¢ obtained for the difference of the 
scores between Group I and Group II, and the ¢ for the difference in hits 
(Table 3) indicated that the difference in the gain of the two groups was 
significant at the 5-per-cent level of confidence for both scores and hits, This 
difference in gain in both instances was in favor of Group I1—the four-day- 
a-week group. 

In learning curves constructed for the men and women in each group, it 
was found that the four-day-a-week group showed greater total gain, as well 
as a more consistent gain throughout the total period. The men of Group I 
showed a more erratic learning rate, and the women of Group II a much 
sharper and more continuous rise after the eighth lesson. The learning 
curves for women, with respect to hits, showed a slightly more erratic rise 
for Group II than was indicated by the curves based on total score. For 
some unidentified reason, the learning curve for hits for men in the two-day- 
a-week group showed a sharp drop for the last three practices. 

Table 3 indicates that there was no significant difference in gain in either 
scores or hits for men or women, between or within groups. What small 
differences there were favored Group II. This follows the findings in the 
over-all comparison of the two groups. A ¢ significant at the 5-per-cent level 
was obtained for the difference in mean gain in hits between the men in the 
two groups. 

There were no significant ¢’s obtained between Groups I and II for stu- 
dents of high motor ability or of low motor ability, A comparison of gains 
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TABLE 3 
t-Test of the Significance of the Difference of Mean Gain in Archery 
Within and Between Groups 
Shooting Score Percentage of Hits 








Difference in Level of Level of 
Mean Gain t Confidence t Confidence 





(per cent) (per cent) 
II—I 2.28 5 2.25 5 


II(M) — I(M) 1.63 2.19 5 
II(W) — I(W) 1.53 1.41 20 
I(M) —I(W) .36* 2.10* 10 
II(M) — II(W) .11* .74* 50 
II (hiMA) — I(hiMA) 1.68 2.01 10 
II(loMA) — I(loMA) 1.23 31 80 
I(hiMA) — I(loMA) 17 | 90 40 
Il(hiMA) — II(loMA) 46 1.29 30 


*difference favors women 











Explanation of Code 


I—Group I (two-day-a-week) W—Women ie 
II—Group II (four-day-a-week) hiMA—High motor ability 
M—Men loMA—Low motor ability 


between high and low motor ability within groups also failed to show any 
t large enough to be significant at the 5-per-cent level (Table 3). 
It would appear from the data presented on archery that learning was 


more rapid, as measured by gain in mean score and percent of hits, when 
classes met four days a week rather than twice a week. For the subjects 
used in this study, there was apparently no significant difference in the 
amount of gain due to difference in sex or level of motor ability. 


BADMINTON 


In badminton three learning curves were drawn based on the scores from 
the three tests which were given at intervals throughout the practices. As it 
was not practical to test the students during every class period, the learning 
curves were of necessity based on fewer test scores than were those in archery. 
The wall volley test was given seven times and offers the most comprehensive 
picture of the learning rate in badminton. The high clear, because of the diffi- 
culties in administration, was given only three times and consequently resulted 
in a smoother learning curve than the others. The short serve test was given 
five times and gave nearly as good picture of progress as did the wall volley. 
In all three curves, there was a sharp rise from the first to the second testing 
and the curve did not rise again. 

From a survey of these graphic presentations (see Figure II), it was found 
that there was very little real difference in the total pattern of the rate of 
learning between the two-day-a-week and the four-day-a-week groups with 
respect to the short serve and the high clear. In the wall volley, although the 
two groups began at approximately the same level of ability relative to the 
initial scores on this test, the two-day-a-week group made greater and more 
rapid gain than did the four-day-a-week group. 
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Wall Volley 


High Clear 


Short Serve 


——— Group I (two-day-a-week) 


—<—<—— Group II (four-day-a-week) 
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Ficure II. Badminton Learning Curves 


As in archery, the amount of gain in learning was determined by obtaining 
the difference between initial and final achievement scores. In all three of 
the skill tests, the initial evaluation used for determining the mean gain was 
the score made on the first administration of the test. For the final achieve- 
ment, an average of the scores of the last two testings of the wall volley and 
short serve were used. In the high clear test, the scores on the last test only 
were used as the final evaluation. Table 4 presents the mean gain in all 
three of the skills tested for both groups plus the mean gain as measured by 
a composite T-score based on all three tests. 

Table 4 gives the values obtained by using the ¢ test of the significance 
of the difference of means between initial and final scores for the comopsite 
T-scores of the three tests, the wall volley test, the short serve test, and the 
high clear test. The ¢’s obtained indicated that with but two exceptions the 
differences between the initial and final scores were significant at the 1- or 
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2-per-cent level of confidence. The gain made by the men in Group I in the 
high clear was not significant at the 5-per-cent level and the women in Group I| 
made a gain significant at the 5-per-cent level on the short serve. 
TABLE 4 
Amount of Gain in Wall Volley, Short Serve, and High Clear Tests in Badminton 


Group I (two-day-a-week) | ~ Group II (four-day-a-week) ie 





Test Total | Men ~ Women ~~ Total — | Men 
Number cae oe. ee 





Women 


24 





Composite | 
T-scores | | 
| 21.33 

| 8.48 

| 2.90 

| 14,05* 


Range 26.51 23.83 | 2462 | 21.33 
Mean | 968 | 969 | 967 | 7.84 
SD ; ere 3 a6 i 6h 4.96 
t | 9.72 | 1447* | 14.65* 10.60* 
Wall Volley | 
Range 85.50 79.00 71.50 64.00 46.00 
Mean | 40.03 36.42 41.91 27.11 | 28.90 
SD | 20.96 | 37.34 16.41 16.59 | 17 | 15.49 
t } 1113 | 3.24" | 1198° 10.31* | 8.95* 
Short Serve 

Range | 66.50 | 52.00 66.50 61.00 | | 61.00 
Mean | 881 | 1383 | 6.20 8.13 : > 
SD | 1444 | 16.99 12.10 | 1362 | 14.89 
t | 3.55* | 2.707 2.40°* | 3.76* | | gaat 
High Clear | 

Range | 94.00 | 94.00 | 68.00 90.00 | | 90.00 
Mean | 23.14 | 14.25 27.78 | 17.66 | | 20.13 
SD 24.82 | 25.31 23.25 | 221.12 | | 21.53 
t | 5.43* 187 |  5.60* 5.29* | 4.48* 











‘Significant at the 1% level of confidence. 
*Significant at the 2% level of confidence. 
**Significant at the 5% level of confidence. 


When the ¢ test was applied to the data from Table 4, it was found that the 
obtained t for the wall volley was significant at the 1-per-cent level (Table 5). 
A t was obtained for the short serve which was significant at the 5-per-cent 
level, while the ¢ for the high clear was too small to be significant at the 
5-per-cent level. All three of these differences were in favor of the two-day-a- 
week group. The initial and final scores for the wall volley, short serve, and 
high clear were T-scored and these T-scores were combined into a composite 
score. In testing the significance of the difference btween the mean gain 
of the two groups as measured by this composite T-score, a t was obtained 
which was significant at the 1]-per-cent level, with the difference in gain in 
favor of Group I. 

The learning curves for men and women for the wall volley, short serve, 
and high clear all showed a slightly more accelerated rate of learning for the 
two-day-a-week group than for the four-day-a-week group. This difference 
was most marked for women in the wall volley test. The other differences 
appeared to be very slight or non-existent. The results of the ¢ test of 
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TABLE 5 
t-Test of the Significance of the Difference of Mean Gain in Badminton 
Within and Between Groups 


Composite | 
T-scores Wall Volley Short Serve | High Clear 








Difference in Level of Level of Level of Level of 
Mean Gain Confidence t Confidence t Confidence t Confidence 





fan TT (per cent) (per cent) (per cent) (per cent) 
I(M) —II(M) 3. 1 | 2.96 ee 5 | 103 40 
1(W) —11(W) ; 1.11 ‘ 01 

I(M) —I(W) i es : apt 

II(M) — II(W) j ved : 15s" 
I(hiMA) —II(hiMA)| ° 81 88 

I(loMA) —II(oMA) | * 85 188 
I(hiMA) —I(loMA) | ° 2.10 985 Al 


IIl(hiMA) — II(1oM : | 1.087 06 
8 eee : ae 84 

















*difference favors women 
§difference favors four-day-a-week group 
tdifference favors low motor ability 
Explanation of Code 
I—Group I(two-day-a-week) W—wW omen 
II—Group II (four-day-a-week) hiMA—High motor ability 
M—Men loMA—-Low motor ability 


the difference substantiated this observation. The ¢ obtained for the differ- 
ence between the mean gain of Group I and Group II for women was signifi- 
cant at the 1-per-cent level of confidence and in favor of the two-day-a-week 
group. The rest of the ¢ values were not of sufficient magnitude to be signifi- 
cant at the 5-per-cent level. In testing the difference between the gain made 
by men and women within each group, the ¢ values obtained were too small 
to be significant at the 5-per-cent level, but indicated slightly greater gain for 
women than for men. 

In comparing the rates of learning in the three skill tests between Group | 
and Group II for students with high motor ability and for students with low 
motor ability, it was found that, although the character of the curves differed, 
they showed no essential differences in learning rates. The one exception to 
this was found in the comparison of the mean gain of those subjects with low 
motor ability in Group I with those in Group II. However, the ¢ obtained 
was only large enough to be significant at the 10-per-cent level. The other 
t values obtained for high or low motor ability did not approach even the 
10-per-cent level of confidence. In Group II a ¢ significant at the 10-per-cent 
level and in favor of the low motor ability group was obtained. This was the 
only difference which even approached this level of significance. 

From a survey of the statistical analysis of the data, it would appear that 
the two-day-a-week distribution of practice had a slightly more favorable effect 
on the rate of learning of college students in badminton, as measured by the 
composite T-scores of the three tests, or by wall volley alone, than did the 
four-day-a-week distribution. Apparently neither the level of motor ability 
nor sex had any effect on this rate of learning, as was also true in archery. 

It is not within the scope of this study to attempt to determine why learning 
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in archery appeared to be favored more by the four-day-a-week distribution 
of classes while learning in badminton was favored more by the two-day-a- 
week pattern. Other experimenters have found that, in certain learning situa- 
tions, learning in the early stages seemed to be improved when the practice 
periods were massed, but that, once fundamental learning has taken place, 
learning was more rapid if the practices were distributed over longer periods 
of time. Might it be possible that as badminton is only one of several racket 
games that previous experience in these other games might affect learning in 
badminton? Archery, on the other hand, is an activity quite unique in the 
skills necessary for success, therefore the students would not have been apt 
to have much experience which might help them in learning archery. 

Is the difference of the effect of relative spacings of practices on learning 
in archery and badminton due, on the other hand, to a difference in the 
complexity of the skills of the activities concerned? Archery is an activity 
in which it is necessary to learn relatively few fundamental skills, but in which 
very slight deviations from “perfection” in shooting form may markedly affect 
the success of the activity. In badminton, although there are many skills to 
be learned, a certain degree of success and pleasure may be attained the first 
time a student takes a racket in hand, without the necessity of first perfecting 
the requisite skills. Whatever the reason, there seems to be little doubt that 
th difference lies, at least in part in the activities themselves and not entirely 
in the way in which the practices were distributed. 


Summary and Conclusions 


It was the purpose of this study to compare the effectiveness of learning 
as measured by the mean gain from initial to final evaluations in archery 
and badminton classes taught under either a two-day-a-week or a four-day-a- 
week distribution of class periods. Regular college physical education classes 
were used in the desire to make the experimental situation more practical and 
more nearly comparable to the average conditions under which physical edu- 
cation classes are taught. 

The preponderance of evidence from past experimental studies has favored 
distributive over massed practice for more effective learning. In view of past 
experimental set-ups, the present study might more appropriately have been 
called a comparison of two types of distributive practice on learning rate, 
as the four-day-a-week pattern hardly approaches the massed practice pat- 
terns usually used. 

The results of the study seem to indicate certain trends: 

1. In archery the four-day-a-week distribution of practices seemed to result 
in more rapid learning. However, in badminton more effective learning 
appeared to be facilitated by the two-day-a-week distribution. 

2. These results were not affected by either sex or level of motor ability. 
However, the women did show slightly greater gain than did the men. Also 
the students with high motor ability tended to show slightly more gain than 
those with low motor ability, 














Learning in Archery and Badminton 243 


The writer feels that, although the results of this study are inconclusive, 
the study of the effect of distribution of practices on learning in physical 
education is a field which merits more study. It would be of interest to com- 
pare the results of this study with similiar ones done at the high-school and 
junior-high-school levels, and with other activities at both college and sec- 
ondary levels. 
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Anatomy 


19. BrozeK, Joseru. Measuring nutriture. American Journal of Phys. Anthropology, 
11: 2 (June 1953). 

Objective criteria for the assessment of nutriture are needed to evaluate the status of 
different populations. The anthropologist is concerned with evaluating over- and under- 
nutrition, not with malnutrition. “Body build” may be broken down into (1) body 
composition (mass of principal tissues, or in terms of chemically defined constituents) ; 
(2) body structure (tissue composition of body segments, especially limbs—the “internal 
body form”); and (3) the external body form—the anthropologist’s principal concern 
up to the present. The need for a practical solution for the use of anthropometric 
measurements in the evaluation of nutritional status represents a challenge to the physical 
anthropologist—Frank D. Sills. 


20. Evans, F. Gaynor. Methods of studying the biomechanical significance of bone 
form. American Journal of Physical Anthropology, 11: 3 (Sept. 1953). 

Methods used to study stresses and strains in bones may be divided into (1) mathe- 
matical analysis of the stress and mechanical- behavior of sections of bones, (2) the 
study of stresses and strains in models of bones, and (3) the study of stresses and 
strains produced in intact bones. For the second and third methods, recently developed 
engineering techniques have been employed. 

The method of mathematical analysis may be criticized for (1) the assumption is 
made that the bone is composed of uniform homogeneous material (which is not true), 
(2) the results are in two instead of three dimensions (as is the actual case), and 
(3) the formulae used are those derived from similar studies on other substances such 
as steel (which may not apply). The study of models is also unsatisfactory, primarily 
because of inability of scientists to accurately reproduce the characteristics of bone. 

In the study of intact bone, the application of a lacquer which cracks under stress 
has proved valuable. It is believed that the use of this “Stresscoat’’ lacquer, followed 
by the use of strain gauges, should result in accurate measurement of the magnitude of 
strain in a local area. Variations in the physical properties of a given bone will, of 
course, influence the study of its stresses and strains (including such factors as age, 
state of health, nutrition, etc.).—Frank D. Sills. 


21. Fercuson, Atpert Barnett. A study of the action at varying lengths of two mus- 
cles of opposing functions, tibialis anterior and gastrocnemius in the rat. Jour. 
of Bone and Joint Surg., 35-A: 3 (July 1953). 

The two muscles were tested by means of successive isometric contractions at steadily 
increasing lengths. A Grass stimulator was used which put out a square-wave stimulus 
of one-millisecond duration. A strain gauge was used to record the tension on the 
muscles. 

The developed tension of the tibialis always rose to a maximum on the left side of 
the resting-tension curve, while the gastrocnemius developed increasing heights of ten- 
sion slowly, so that the maximum was reached to the right of the resting-tension curve. 
In summary, the tibialis performed at maximum just beyond its initial resting length, 
while the gastrocnemius worked at maximum, after its resting length had been increased 
a greater distance. The author concluded that there is no standard configuration applica- 
ble to length-tension diagrams and that the point of maximum developed tension will 
vary with structure and function.—Frank D. Sills. 
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22. Ray, Rosert D., ev at. Growth and differentiation of the skeleton in thyroidecto- 
mized-hypophysectomized rats treated with thyroxin, growth hormone and _ the 
combination. Jour. of Bone and Joint Surg., 36-A: 1 (1954). 

An effort was made to determine the influence of thyroxin and of pituitary growth 
hormone on skeletal growth and maturation (as determined by the appearance of the 
centers of ossification) and their subsequent fusion-boneage). A study of the tibia and 
humerus, following the 60-day experiment period, revealed that growth and skeletal 
maturation were equally retarded following the combination of thyroidectomy and hypo- 
physectomy. Thyroxin injections produced marked maturation and only moderate growth, 
while injections of the pituitary growth hormone produced a definite increase in body 
weight and skeletal dimensions, but did not produce skeletal maturation. The adminis- 
tration of both hormones to the animals, following both operations, restored the co- 
ordination between skeletal growth and maturation.—Frank D. Sills. 


Education 


23. Drecer, RALPH Mason. A simple course evaluation scale. J. of Experimental Educ., 
22: 2, pp. 145-153 (Dec. 1953). 
A simple to ‘use and easy of access course evaluation scale was presented. Its quan- 
titative uses are to show the direction of attitude of classes, chronological trends, and 
possibly group comparisons.—D. B. Van Dalen. 


24. Ryans, Davin G. A statistical analysis of certain educational viewpoints held by 
teachers. J. of Experimental Educ., 22: 2, pp. 119-131 (Dec. 1953). 
Two forms of an Educational Viewpoints Inquiry were constructed and administered 


respectively to 551 elementary and secondary teachers in geographically scattered col- 
leges of teacher education. The instrument was a short form made up of 20 items, each 
item forcing a choice between contrasting viewpoints regarding educational practices. 
The inquiry supports the belief that teachers’ educational viewpoints are not highly 
systematized or organized. They tend to be organized into relatively independent clusters 
with respect to curricular organization, pupil participation in class planning, academic 
achievement standards, etc.—D. B. Van Dalen. 


25. Witxins, W. D., and Lucy Gross. Usefulness of educational periodicals for re- 
search. School and Society, 79: 2024, pp. 9-11 (Jan. 9, 1954). 

Periodicals cited most frequently for research purposes were appraised. The Review of 
Educational Research, the Journal of Educational Research, and the Education Digests 
over a period of five years, 1948-52 inclusive, were employed to determine frequency of 
citation in critical reviews or abstracts——D. B. Van Dalen. 


Health 


26. Beporan, V. H. Mental health analysis of socially over-accepted, socially under- 
accepted, over-age and under-age pupils in the sixth grade. J. of Educ. Psych., 
44: 6, pp. 336-371 (Oct. 1953). 

The Thorpe, Clark, Tiegs’ Mental Health Analysis was administered to 743 sixth- 
grade Los Angeles district pupils. Nine months below or above the mean chronological 
age of their half-grade placement determined the age placement. Data indicated that 
under-age and at-age pupils earned significantly better mental health scores than the 
average pupils. There was no significant difference between under-age and at-age pupils. 
The socially over-accepted produced significantly higher mental health scores than the 
under-accepted pupils. Superior economic status group had better mental health than 
pupils who were ignored, unwanted, and disliked by their peers. The “stars of attrac- 
tion” excelled in better mental health.—D. B. Van Dalen, 





246 The Research Quarterly 


27. CoMMITTEE ON TEACHER PREPARATION IN HeaLtH Epucation, AMERICAN SCHOOL 
Heattu Association. Recruitment and placement of health education majors. 
J. School Health, 24: 1 (Jan. 1954). 

A questionnaire study surveyed institutions offering an undergraduate and/or graduate 
health education major, but not having a School of Public Health. Replies were secured 
from 32 of 35 colleges and universities offering undergraduate health education majors. 
In a few their programs are still largely paper programs. 

Nineteen of the 32 offer graduate health programs. Placement of graduates with a 
Bachelor’s degree has been difficult; it was less difficult to place those with Master’s 
degrees, and relatively easy to place graduates with doctoral degrees. 

The committee feels there is real need (1) to stimulate more and better research in 
health education; (2) to develop more advanced graduate level health education courses, 
especially for doctoral students; and (3) to develop in a few institutions, top-flight grad- 
uate health education programs leading to the research type of doctoral degree (Ph.D.) — 
John H. Shaw. 


28. DeKruir, Paut. Bursitis. Today's Health, 32: 24-25, 52-53 (Feb. 1954). 

Painful shoulder, bursitis, is thought of as a minor malady, but millions suffer its 
torture and annoyance every day. The soreness which results is due to tendon inflamma- 
tion and calcium deposits. The strapping of arms down to avoid movement is heartily 
condemned. As the red-hot pain of acute bursitis subsides, the patient should bend over 
with the arms relaxed and gently swing the arm like a pendulum, from front to rear, 
side to side, and round and round. The use of hormones (ACTH, cortisone, or hydro- 
cortisone) injected directly into the tender spots will do much to eliminate the pain and 
discomfort of red-hot bursitis—J. Grove Wolf. 


29. DeWeese, A. O., M.D. Teacher’s Health Inspection, J. School Health, 23: 8 (Oct. 
1953). 

Dr. DeWeese suggests it is time to give the classroom teacher more definite and more 
scientific procedures in helping her play her part in the physical inspection and health 
appraisal of our children. He outlines procedures for checking the following: 1. Muscle 
Tone and Graceful Walking, 2. Enlarged Cervical Glands, 3. Nose and Mouth Breathing, 
4. Examination of the Eyes, 5. The Throat and Tongue, 6. The Tongue, 7. Teeth and 
Gums, 8. Condition of the Scalp, 9. Nutrition, 10. Thyroid Gland and Ears, 11. Clean- 
liness, Nutrition, and Skin Infections, 12, When To Use The Clinical Thermometer. 
These procedures have been used with satisfactory results—John H. Shaw. 


30. Jounson, Lucttte, R.N. Hyperopia in school children: Its detection with a plus 
sphere lens, and its significance in reading. J. School Health, 23: 9 (Nov. 1953). 
This is a report of screening with a plus 1.75 lens in addition to the Snellen test already 
employed in Oakland. The developers of this test, the Massachusetts Department of 
Public Health, reported about 7 per cent of all school children will test farsighted. The 
Oakland study showed an average of 1.5 per cent and in no age group did it come near 
7 per cent. It also reported a decreasing percentage of hyperopia among older children 
which tends to hear out the theory that as the eyeball grows, hyperopia will decrease.— 
John H. Shaw. 


31. Mrtrman, Max. How safe are reducing diets? Today's Health, 31: 27, 53-58 (Oct. 
1953). 

After indicating several objections to ready-made diets, Millman recommends several 
well-founded nutritional rules for the construction of a sound reducing diet. The diet 
must be low in calories, low in fat, moderately low in starches or sugars, fairly high in 
protein, adequate in water, minerals and vitamins, ample in bulk. Remember there is 
no food or drink whose caloric value is lower than zero and, advertising claims notwith- 
standing, there is no patent medicine on the market capable of reducing a single ounce 
of weight without risk. The only safe and effective reducing diet is one based on sound, 
scientific medical knowledge.—J. Grove Wolf. 
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32. Wore, Burton H., The cured cancer club. Today’s Health, 31: 24-26 (Dec. 1953). 

The earlier cancer is detected, the better your chances for a cure. Danger signals in 
cancer, which, if they appear, should mean an early visit to your physician, include: (1) 
Any sore that does not heal; (2) A lump or thickening in the breast or elsewhere; (3) 
Unusual bleeding or discharge; (4) Any change in a wart or mole; (5) Persistent indi- 
gestion or difficulty in swallowing; (6) Persistent hoarseness or cough; and (7) Any 
in bowel habits. The Cured Cancer Club of Washington (1415 Eye Street, N.W., Wash- 
ington 5, D. C.) is available to help by answering your questions and providing informa- 
tion to assist those afflicted with this disease—J. Grove Wolf. 


Physiology 
33. Sciar, Meyer. Heart and Circulation, New York: Froben Press, 1953, p. 357. 

The book is composed of two sections; namely, a section on diseases of the heart and 
one on diseases of the vascular tree. The basic concepts of diagnosis and treatment of 
cardiac disorders are presented in condensed form and the text should prove to be a 
useful primer for the practicing cardiologist. 

The author gives a brief background of the embryology, anatomy, and physiology of 
the heart and circulatory system. Several chapters are devoted to methods of diagnosing 
cardiac disorders. The most common diseases are covered separately and the etiology, 
symptoms, diagnosis, and treatment are given. 

The terse treatment of the material plus the omission of footnotes and bibliography 
permits the author an opportunity to present a considerable amount of factual informa- 
tion in a small volume.—Paul Hunsicker. 


Recreation 
34. ANpERSON, Jackson M. Leadership: the most important quality in professional 
recreation management. Industrial Sports, 14: 25, 28, 33 (Oct. 15, 1953). 

A questionnaire was sent to 100 member companies of the National Industrial Recrea- 
tion Association in an attempt to develop personnel standards for the position of director 
of recreation in business and industrial firms. 

The findings of the study indicated that the director of recreation should be a college 
graduate with industrial recreation as the major field of study and physical education as 
the minor field, or should have a substantial amount of practical experience in the field of 
recreation. In the educational background of the director, preparation in the following 
subjects was considered desirable: industrial recreation, physical education, industrial 
relations, psychology, sociology, English, public speaking, sports activities, and nature 
study. 

The following types of previous experience were considered desirable in qualifying one 
for the position of director: supervisor of recreation, participant in varsity sports, physical 
education instructor, community recreation director, athletic coach, athletic director, per- 
sonnel manager, YMCA or YWCA physical director, camp director, and scout leader. 
It was felt that the director should possess the following qualifications and characteristics: 
(1) leadership ability, (2) pleasing personality, (3) thorough knowledge of recreation, 
(4) good judgment, (5) sociability, .5) ability as a public speaker, (7) initiative, (8) 
knowledge of budgets and accounting, (9) neat appearance, and (10) good health.— 
Jackson M. Anderson. 

35. AuRAND, Rex. Bowling in Junior High School. Athletic Journal, XXXIV: 13, 61-62 
(Nov. 1953). 

The author has used bowling as a regular physical education class activity since 1948. 
The school has no regular alleys; therefore the gymnasium was used. The floor was 
protected with rubber mat runners, gymnasium mats were used for pin and ball deflec- 
tions, and locker room benches were placed in a “V” shape between the alleys. Pin 
setters were students in the class. Safety precautions, such as using the foot instead 
of the hand when the ball is rolled back, were agreed upon. A little ingenuity can 
accomplish much in the way of added program opportunities.—J. Grove Wolf. 
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36. Firzceraip, Geratp B, anp Atsert Meutt. Supply and placement of recreation 
graduates. Quarterly Bulletin of the American Recreation Society, 5:8, 10-12 
(July 1953). 

The study included reports from 43 colleges and universities. These institutions repre- 
sented 90% of those offering recreation degrees in 1951-52. Twenty of the reporting 
institutions offered graduate degrees in recreation, enrolling a total of 260 graduate stu- 
dents in this field. The total enrollment of undergraduate and graduate recreation majors 
was 1,531. Approximately 43% of those majoring in recreation were women. Under- 
graduate degrees were awarded to 374 and graduate degrees to 138 persons during the 
year. Data were submitted on job placement for 353 (70%) of the 512 degree recipients. 
Of the 353, 71% were placed in full-time recreation positions, 13% in part-time positions 
in recreation, and 16% in positions outside the field of recreation. 

The types of recreation positions and the percentage of graduates placed in each 
were as follows: public community recreation, 47.7%; private community recreation, 
19.6%; hospital recreation, 12.3%; institutional recreation, 4.8%; industrial recreation, 
3.9%; state-level agencies, 2.6%: college teaching in recreation, 2.6%; armed forces 
civilian recreation positions, 2%; commercial recreation, 2%; church recreation, 1.6%; 
college student union positions, 0.6%; and year-round camping positions, 0.3%. 

After comparing the findings with those of four earlier studies, the following trends 
were pointed out: the number of institutions granting degrees in recreation continues to 
rise on the undergraduate level; the college recreation department and the college place- 
ment bureau were the agencies mainly effective in placing degree recipients in positions.— 
Jackson M. Anderson. 


37. Natrona Recreation Assn, Dust elimination. Recreation, 46-A: 94-95 (May 1953). 

Dust elimination was one of the three topics on which information was requested in 
an inquiry on surfacing recreation areas, conducted in 1952 by the national committee 
studying this subject. The findings of the survey were based on an analysis of the 153 
reports received from park and recreation executives. 

Some findings of the study were as follows: (1) The greatest dust problem appeared 
to be centered on ball diamond infields and, in lesser degree, on tennis courts, apparatus 
areas, and bridle trails; (2) Water was the most widely used agent in the attempt tc 
eliminate dust, being reported by 51% of those surveyed; (3) Water was the most costly 
agent to apply and perhaps to control, unless the user had sufficient funds to install ¢ 
modern sprinkler system; (4) Approximately 19% of the executives submitted informa 
tion on the use of oil, with 12 areas reporting successful control, seven areas mediocre 
results, and ten areas unsatisfactory experiences; (5) The failure of the oil manufacturer 
to furnish complete use specifications for his product for the various types of soils was 
the major reason for many unsuccessful uses; (6) Several areas using oil reported cloth- 
ing-stain experiences, messy soil conditions for several days, and the tracking of oil into 
adjacent buildings; and (7) Calcium chloride was used successfully in many areas with 
high humidity, but it was found to be ineffective in most areas with low humidity.— 
Jackson M. Anderson. 


Miscellaneous 


38. Reep, Haroip J. An investigation of the relationship between teaching effectiveness 
and the teacher’s attitude of acceptance. J. of Experimental Educ., 21: 4, pp. 277- 
325 (June 1953). 

Three secondary schools and 160 teachers were chosen to participate in the study. A 
relationship far beyond chance expectancy was found to exist between teacher’s effective- 
ness in the classroom as evaluated by the students and those aspects of a teacher’s per- 
sonality, organization, or attitude, which permits him to be an acceptable person. It was 
not possible to predict safely which teachers the administrator would judge to be effective. 
The Sentence Completion Test correctly identified the effective and ineffective teacherr 
as rated by students in better than 75% of the cases—D, B, Van Dalen, 











Guide to Authors 


IN LINE WITH the over-all goal of making Association publications yield the 
greatest value to the individual and the profession, the following is a guide 
for the preparation of research manuscripts. The information below recog- 
nizes general techniques being employed by research publications similar to 
the Research Quarterly. When copy is prepared in accordance with these in- 
structions, all Association research studies will follow a standard style. 


Manuscripts 


Manuscripts should be sent to the Editor (AAHPER, 1201 Sixteenth Street, 
Northwest, Washington 6, D. C.), who will see that each one is read by at least 
three members of the Research Quarterly Board of Associate Editors. On the 
basis of the three reviews, the Editor will advise the author as to the suita- 
bility of the paper or the desirability for revision. Papers are not judged by 
arbitrary standards but on their content of new research results in the field 
of physical education, health education, and recreation, presented with the 
greatest brevity compatible with scientific accuracy and clarity (see October 
1951 Quarterly, pp. 392-4). 

Since three members of the Board of Associate Editors review an article, 
it is requested that three clear copies of the manuscript be submitted in order 
to facilitate reviewing. A fourth copy of the article should be retained by the 
author. Only one copy of any charts, photographs, drawings, graphs, or similar 
illustrative material need be submitted. However, since such material must be 
sent to each reviewer in turn, more time must be allowed for the reviews. 

Typewritten manuscript should be double-spaced on white paper of ordinary 
weight and standard size (814% x 11 inches). 

The sheets of manuscript should be kept flat and fastened with clips which 
can be removed easily. The pages of the typewritten copy should be numbered 
consecutively in the upper right-hand corner. 

Paragraphs should be numbered consecutively throughout the manuscript 
to facilitate ease of reference in case of revision. 


Headings 


The article should be arranged so as to indicate relative values of heading 
and subheadings. 

Usually four gradations are sufficient: (a) article title, (b) first subhead 
appearing in boldface aligned left on page (underscored in manuscript with 
wavy line) (c) second subhead (if necessary) appearing in small caps aligned 
left on page, (d) third subhead, to appear in italic (underscored in manu- 
script), not centered, but run in at the beginning of the paragraph or section. 
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All headings should be typed in lower case with initial capitals, except for 
(c) above, which should be typed in capital letters. 

FOOTNOTES 

Footnotes are not to be used for references or literature citations. They are 
rather used for the purpose of acknowledgment, special explanation, supple- 
mentary information, etc. (See examples below.) 

Type footnotes (if any) on separate sheets, as many footnotes as convenient 
being written on a sheet. Footnotes should be numbered from 1 up for each 
article; a corresponding numeral appearing in the text. Asterisks should not 
be used. 


Examples of Footnotes: 

*This study was made under the direction of Dr. Arthur T. Slater-Hammel in the Re- 
search Laboratories, School of Health, Physical Education, and Recreation, Indiana Uni- 
versity, Bloomington, Indiana. 

* All measurements of the hand were recorded in centimeters and height was recorded in 
inches. The hand measurements were taken by Everett and reliability coefficients of above 
.90 were found for each measurement used in the study. 

*For their wholehearted co-operation in facilitating collection of the data, special grati- 
tude is extended to Superintendent Clarence Hines and the 1950-51 principals of the 
Adams, Condon, Edison, Francis Willare, Harris, Howard, Lincoln, River Road, and 


Whiteaker schools. 


Documentation 


CITATIONS OF LITERATURE 

Citations of literature should be segregated alphabetically by author’s 
last name at the end of each article, under the caption of “REFERENCES.” 
Do not treat them as footnotes. (See above.) 

The literature citations, listed alphabetically, should be numbered consecu- 
tively, their location in the text being indicated by corresponding numbers 
written in full size and enclosed in parentheses: for example, (1) (2, 3). If 
there are several references in the text to a citation, the specific pages may be 
indicated thus: (1, p. 117) (1, pp. 162-3). 

A uniform style shouid be maintained in writing citations. Do not enclose 
titles of chapters and articles in quotation marks. Italicize (underscore in 
manuscript) names of books and periodicals, bulletins, etc. (See examples 
below.) 

Uniform sequence of data should be observed, as follows: For a book— 
Author’s name (last name first) ; title of article or chapter; name of book; 
place of publication; publisher; year date. For a periodical—Author’s name 
(last name first); title of article or chapter; name of periodical; volume 
number; inclusive page numbers; year date. 


Examples of References Appearing at End of Article: 

1. American AssociaTION For HEALTH, PuysicaL EpucaTion, AND RECREATION. Sug- 
gested platforms for health education. Journal of the American Association for 
Health-Physical Education-Recreation 18:436 (Sept. 1947). 

2. AMERICAN AssocIATION OF ScHooL ApMINisTRATORS. Health in Schools. Revised 
edition. Washington, D. C.: the Association, a department of the National Educa- 
tion Association. pp. 266-7. 
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3. Deaver, G. G., Exercise and Heart Disease. Research Quarterly, 26: 24-34, 1939. 

4. OcpEN, JEAN, AND Jess OcpEN. Small Communities in Action. New York: Harper & 
Brothers, 1946. 

5. Potter, Joun Nicuotas. Physical Fitness of Junior High School Boys. Unpublished 
Master’s thesis, University of California, Berkeley, 1942 


Tables 


Each table should have a descriptive heading and should be specifically 
referred to in the text by number, e. g., “Table 10,” etc., never as “the above 
table” or “the following table.” Number tables from 1 up for the entire manu- 
script, using Arabic numerals. Do not duplicate data by giving it in both 
tables and graphs. 

Tables should be double-spaced typewritten, like the rest of the material in 
the manscript. They should be typed on separate sheets, as the printer will 
set them on a different machine from the one used for the text matter. If a 
table continues on a second sheet, it is not necessary to repeat the boxheads, 
since the printer will repeat from the original boxheads, when necessary. 

The word “TABLE” should be written in capital letters, as: “TABLE 1”; 
the table title should be written in lower case letters with initial capitals, and 
centered over the table. Tables should be ruled as desired, except that no rules 
will appear at the extreme right and left edges of the table. No double rules 
are to be used, unless necessary for clarity. 


Illustrations 


Illustrative material is of two types: pen and ink drawings, which are re- 
produced by the line engraving process; and photographs, wash drawings, 
stipple drawings (in short, anything containing shading), which are repro- 
duced by the halftone process. 

Line engravings are always treated as text figures and should be so desig- 
nated. All drawings should be made with India ink, preferably on white bris- 
tol board plate, 1 ply or 2 ply, which is sufficiently transparent to permit 
tracing if back lighting (e.g., a window pane) is used. Avoid graph paper 
for the reproduction copy, as the printing interferes with proper inking and 
the paper permits no corrections. Sometimes it is desirable to ink in the prin- 
cipal guide lines so that the curves can be more easily read. 

Lettering should be plain and large enough to reproduce well when the 
drawing is reduced to the dimensions of the printed page (4% x 7 inches). 
Most figures can be advantageously drawn for a linear reduction of one-half 
or one-third. Be sure to draw the lines heavy enough so that they will not be 
overly thin after reduction. Explanatory lettering should be included within 
the chart. Typewritten lettering does not reproduce well; it is much better to 
use a LeRoy or similar lettering device. 

Care should be taken not to waste space, as this means greater reduction and 
a less satisfactory illustration. Often it is possible to combine several curves 
in one figure and thus not only save space but enable the reader to make com- 
parisons at a glance. 
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Halftones are treated as figures and should be so designated. Frequently, 
several halftones can be grouped to form an attractive full page, in which 
case they should be numbered consecutively, in Roman numerals. Photographs 
should be in the form of clear black-and-white prints on glossy paper. Care 
should be taken to see that they cannot be bent or folded in handling and 
paper clips should not be used. All imperfections in the original copy are re- 
produced. 

Figures should each be numbered consecutively from I up for the entire 
manuscript. Use Roman numerals to number figures, and Arabic numerals to 
number tables. The legends for the illustrations should be typed upon a 
separate sheet placed at the end of the manuscript. Care should be taken to 
indicate plainly in the text the exact location of all illustrations and tables. 

The Association will assume complete engraving expense. 


Special Points of Style 
USE OF NUMBERS 

Use Arabic figures for all definite weights, measurements, percentages, and 
degrees of temperature (for example: 2 kgm., 1 inch, 20.5 cc., 300°C.). Spell 
out all indefinite and approximate periods of time (for example: over one 
hundred years ago, about two-and-one-half hours). For numerals used in a 
general sense, spell out numbers through ten and use Arabic figures for 11 
and over (seven times, five years old, 11 students). 


ABBREVIATIONS AND SYMBOLS 

Standard abbreviations should be used whenever the weights and measure- 
ments are used with figures, i.e., 10 kg., 6.25 cc., etc. The forms to be used 
(for both singular and plural) are: ft., ft.-lb., ft/sec, in., yd., min., hr., sq. ft., 
sq. in., rpm. Gram should be spelled out in all cases to avoid possible con- 
fusion with grain; also spell out mile. All obscure and ambiguous abbrevia- 
tions should be avoided. Symbols used should follow the notation listed in 
Research Methods (AAHPER), pp. 518-20 and 522-25. The most common 
are given below: 

M = mean r = Pearson correlation 

Mdn = median Tbis = biserial correlation 

N = number of individuals ¥,1 = reliability coefficient 

n = number of measurements x? = chi square 


o = standard deviation F = variance ratio 
om == standard error of mean t = Student (Fisher) t ratio 


Per cent should be two words. Use per cent sign (%) in tables or when it 
appears in parentheses in text. 


Proofreading 


The author will receive his original manuscript and any engraver’s proofs 
with the galley proofs of his article for correction. A reprint order blank will 
be enclosed for the author’s convenience. 


Corrected proofs and original manuscripts are to be returned 
within 48 hours by first-class mail to the Editor, AAHPER, 1201 
Sixteenth Street, Northwest, Washington 6, D. C. 





























